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ABSTRACT 


A  September  1988  report  on  the  Estimated  Public  Benefits  of  Implementing  the 
Proposed  Revisions  to  Regulation  308  for  the  Ministry  of  the  Environment 
estimated  that  significant  benefits  would  accrue  from  lower  emissions  of  sulphur 
dioxide  and  particulate  matter. 

This  report  examines  the  impacts  of  using  more  accurate  stack  data  and  actual 
emissions,  where  available,  on  the  estimates  of  the  public  benefits  attributed  to 
reduced  emissions  of  sulphur  dioxide  and  particulate  matter. 

The  analysis  is  performed  using  a  stratified  random  sample  of  identified  sources. 

Using  stack  characteristics  and  actual  emissions  for  the  selected  sample  of  sources 
and  extrapolating  to  all  sources  produces  estimates  that  are  generally  20  to  25 
percent  of  the  values  presented  in  the  previous  report. 

The  revised  results  should  still  be  interpreted  as  being  broad  approximations,  that 
provide  a  rough  indication  of  the  nature  and  magnitude  of  the  public  benefits 
attributable  to  implementation  of  the  proposed  revisions  to  Regulation  308. 
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EXECUTIVE  SUMMARY 


A  September  1988  report  on  the  Estimated  Public  Benefits  of  Implementing  the 
Proposed  Revisions  to  Regulation  308  for  the  Ministry  of  the  Environment 
estimated  that  significant  benefits  would  accrue  from  lower  emissions  of  sulphur 
dioxide  and  particulate  matter. 

This  report  examines  the  impacts  of  using  more  accurate  stack  data  and  actual 
emissions,  where  available,  on  the  estimates  of  the  public  benefits  attributed  to 
reduced  emissions  of  sulphur  dioxide  and  particulate  matter. 

The  analysis  is  performed  using  a  stratified  random  sample  of  identified  sources. 
The  19  sources  selected  for  the  sulphur  dioxide  sample  collectively  emit 
56.9  percent  of  the  total  estimated  emissions  affected  by  the  proposed  revisions 
to  Regulation  308.  The  29  sources  selected  for  the  particulate  matter  sample  emit 
32.4  percent  of  the  total  emissions  affected  by  the  proposed  revisions  to 
Regulation  308. 

The  selected  establishments  presented  a  combined  total  of  265  individual  stacks. 
In  principle,  each  stack  should  be  modelled  separately.  Since  that  would  create 
an  unmanageable  workload,  stacks  with  similar  characteristics  were  grouped.  A 
total  of  49  different  stack  types  were  defined  for  the  29  sources. 

All  of  the  105  stacks  of  less  than  30  m  were  treated  as  virtual  sources  with  the 
same  dispersion  pattern.  The  remaining  160  stacks  were  grouped  (per  plant) 
according  to  characteristics  such  as  height,  temperature,  contribution  to  total  plant 
emissions,  etc.   The  emissions  were  pooled  accordingly. 
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Three  analyses  are  performed  separately  for  sulphur  dioxide  and  particulate  matter 
and  their  respective  categories  of  public  benefits.    They  are: 

.  determination  of  benefits  for  the  sample  sources  using  estimated 
emissions  and  the  previous  dispersion  patterns  for  comparison  with  the 
benefits  calculated  previously  using  all  sources.  This  gives  an  indication 
of  the  representativeness  of  the  sample. 

.  determination  of  benefits  for  the  sample  sources  using  estimated 
emissions  and  the  new  dispersion  patterns  for  comparison  with  the  sample 
results  calculated  above.  This  gives  an  indication  of  the  impact  of  stack 
characteristics  assumptions  on  the  benefits  estimates. 

.  determination  of  benefits  for  the  sample  sources  using  actual  emissions 
and  the  new  dispersion  patterns  for  comparison  with  the  results  calculated 
above.  This  gives  an  indication  of  the  impact  of  using  actual  emissions 
data  on  the  benefits  estimates. 

In  addition,  the  derivation  and  application  of  all  exposure-response  functions  was 
verified.  This  study  uses  exposure-response  functions  derived  from  macro- 
epidemiological  studies.  And  it  assumes  that  health  and  other  benefits  occur  at 
below  threshold  concentrations.  Further,  the  exposure-response  functions  are 
assumed  to  be  linear  and  to  be  independent  for  each  contaminant.  If,  contrary 
to  these  assumptions,  benefits  can  be  realized  only  above  some  threshold  level, 
then  the  benefits  will  be  somewhat  smaller  than  the  estimates  presented. 

Using  stack  characteristics  and  actual  emissions  for  the  selected  sample  of  sources 
and  extrapolating  to  all  sources  produces  the  following  estimates  of  the  public 
benefits  associated  with  the  proposed  revisions  to  Regulation  308. 
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SULPHUR  DIOXIDE 


Scenarios 
"A"  &  "D" 

Scenario 
"B" 

Scenario 
"C" 

Scenario 
"E" 

Reduced  Mortality 
(Deaths/year) 

56 

70 

19 

19 

Reduction  in  Hospital  Days 
for  Respiratory  Conditions    1,341 


1,686 


448 


460 


Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease 


36 


171 


45 


47 


Value  of  Reduced 
Mortality  (millions 
of  1986  $) 

$    123  - 
$    389 

$    155  - 
$    489 

$     41  - 
$    130 

$     42- 
$    134 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $) 

$1  -$3 

$1  -$4 

<    $1 

<    $1 

PARTICULATE  MAITER 

Scenarios 
"A"  &  "D" 

Scenario 
"B" 

Scenario 
"C 

Scenario 
"E" 

Reduced  Mortality 
(Deaths/year) 

11 

12 

5 

8 

Reduction  in  Emergency 
Room  Visits 


637 


681 


321 


492 


Reduction  in  Restricted 
Activity  Days 


133,500 


142,500 


67,000  103.000 


Value  of  Reduced 

Mortality  (millions 

$     24  - 

$     26- 

$ 

11  - 

$ 

18 

of  1986  $) 

$     76 

$     83 

$ 

35 

$ 

56 

UI 
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Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C"  "E" 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $)  $1  -  $8  $2  -  $9  $1  -  $4  $1  -  $6 

Reduced  Materials 
Damage  (millions 
of  1986  $)  $1  -  $18  $1  -  $19  $1  -  $9  $1  -  $14 


These  estimates  are  generally  20  to  25  percent  of  the  values  presented  in  the 
previous  report. 

Some  unknown  fraction  of  the  emissions  of  each  source  are  deposited  outside  the 
25  km  radius  area  covered  by  the  dispersion  model.  Those  emissions  are  lost  to 
the  benefit  calculation,  so  the  benefits  are  understated.  Using  actual  stack 
characteristics  raises  the  fraction  of  the  emissions  deposited  outside  the  25  km 
radius  area  by  an  unknown  degree.  This  understates  the  benefits  further  and 
overstates  the  difference  between  the  results  reported  in  the  previous  study  and 
those  calculated  using  actual  stack  and  emissions  data. 

We  recommend  that  the  estimated  visibility  benefits  for  particulate  matter  be 
dropped  from  the  analysis. 

The  revised  results  should  still  be  interpreted  as  being  broad  approximations,  that 
provide  a  rough  indication  of  the  nature  and  magnitude  of  the  public  benefits 
attributable  to  implementation  of  the  proposed  revisions  to  Regulation  308. 
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1.0    INTRODUCTION 


A  September  1988  report  on  the  Estimated  Public  Benefits  of  Implementing  the 
Proposed  Revisions  to  Regulation  308  for  the  Ministry  of  the  Environment 
estimated  that  significant  benefits  would  accrue  from  lower  emissions  of  sulphur 
dioxide  and  particulate  matter.  The  above  study  addressed  the  benefits  associated 
with  lower  emissions  of  almost  100  contaminants  resulting  from  proposed  revisions 
to  Regulation  308. 

Emissions  data  and  exposure-response  functions  were  not  available  for  many  of  the 
contaminants.  For  those  contaminants  where  benefits  could  be  estimated, 
reductions  in  sulphur  dioxide  and  particulate  matter  emissions  dominate  the 
reduced  mortality  and  non-lethal  health  benefits.  Lower  particulate  matter 
emissions  were  also  estimated  to  yield  benefits  as  a  result  of  reduced  materials 
damage  and  improved  visibility. 

Overall,  sulphur  dioxide  and  particulate  matter  accounted  for  40  to  50  percent  of 
the  public  benefits  associated  with  implementation  of  the  proposed  revisions  to 
Regulation  308  that  could  be  quantified. 

The  earlier  study,  of  necessity,  employed  a  variety  of  procedures  and  assumptions 
to  estimate  emissions  of  each  contaminant  by  establishment  and  the  dispersion  of 
those  estimated  emissions.  In  light  of  the  major  contribution  of  sulphur  dioxide 
and  particulate  matter  to  the  overall  benefits,  an  analysis  of  the  impacts  of  some 
of  the  procedures  and  assumptions  on  the  benefits  estimates  is  appropriate. 
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This  report  examines  the  impacts  of  using  more  accurate  stack  data  and  actual 
emissions,  where  available,  on  the  estimates  of  the  public  benefits.  Data  on  stack 
characteristics  and  actual  emissions  of  sulphur  dioxide  and  particulate  matter  are 
not  available  for  all  of  the  identified  sources.  In  addition,  the  computational 
workload  involved  in  modelling  each  source  is  large.  Hence,  the  analysis  of  the 
impacts  is  performed  using  a  stratified  random  sample  of  identified  sources.^ 

The  nexl  chapter  discusses  the  sample  selection,  consolidation  of  stack  types  and 
dispersion  modelling  results.  The  impacts  on  the  benefits  estimates  are  presented 
in  Chapter  3  and  4  for  sulphur  dioxide  and  particulate  matter  respectively.  The 
conclusions  are  presented  in  Chapter  5. 


A  stratified  random  sample  is  a  sample  that  draws  a  different  fraction  of  the  population 
from  each  of  several  strata.  In  this  case  there  are  a  few  large  sources  of  emissions  and 
numerous  small  sources.  Since  the  benefits  are  determined  by  the  change  in  quantity 
emitted,  it  is  important  to  ensure  that  the  large  sources  are  included  in  the  sample. 
Hence,  the  sources  are  stratified  on  the  basis  of  their  estimated  emissions  and  the 
stratified  sample  includes  all  of  the  large  sources  and  a  small  fraction  of  the  many  small 
sources,  see  Section  2.5. 
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2.0    SCOPE  AND  APPROACH 


2.1      Scope  of  the  Earlier  Study 

The  earlier  study  identified  the  air  quality,  health  and  environmental  benefits 
expected  from  implementation  of  proposed  revisions  to  Regulation  308."^  It 
covered  96  contaminants  emitted  by  over  3,500  establishments  in  48  industries 
across  Ontario.  Benefits  were  estimated  under  five  scenarios  for  implementation 
of  the  proposed  revisions.  The  implementation  scenarios  are  described  in 
Appendix  C. 

The  public  benefits  of  reduced  contaminant  emissions  depend  upon: 

.   the  contaminant  whose  emissions  are  reduced; 

,  the  change  in  concentration  of  that  contaminant  at  each  point; 

.   the    population    and    environmental    resources    in    the    areas    where 

concentrations  are  reduced;    and 
.   the    human    health    and    environmental    responses    to    the    reduced 

concentrations. 

Data  on  estimated  annual  emissions  by  contaminant  for  each  economic  sector, 
under  the  present  regulations  and  under  the  five  scenarios  for  implementation  of 


^     The  DPA  Group  Inc.,  ELstimalcd  Public  Benefits  of  Implemeniinp  the  Proposed  Revisions 
to  Regulation  308,  Ontario  Ministry'  of  the  Environment,  September,  1^>S,S 
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the  proposed  revisions  to  Regulation  308,  were  provided  by  a  related  study.^  The 
emissions  data  covered  only  54  of  the  96  contaminants. 

The  dispersion  of  those  emissions  was  estimated  using  the  new  models  developed 
by  the  Ministry  of  the  Environment  for  use  with  Regulation  308.  The  dispersion 
pattern  determined  the  population  and  enviroimiental  resources  exposed  to 
emissions  of  each  contaminant. 

Reduced  concentrations  resulting  from  lower  emissions  due  to  implementation  of 
the  proposed  revisions  to  Regulation  308  yield  public  benefits  in  the  form  of: 

.  lower  risk  of  mortality; 

.  systemic  health  benefits; 

.  fewer  exposures  to  above  health-threshold  concentrations  of  contaminants; 

.  improved  visibility; 

.  less  materials  damage;    and 

.  smaller    areas    of    agricultural    land    exposed    to    above    threshold 
concentrations  of  contaminants. 

Coverage  of  these  benefits  was  incomplete  because  our  knowledge  of  the  effects 
of  a  contaminant  is  often  limited.  Possible  benefits  related  to  animal  (domestic 
and  wildlife)  health,  commercial  forest  areas,  wilderness  areas,  aquatic  toxicity, 
surface  water  and  odour  were  not  estimated  due  to  data  or  methodological 
limitations. 

The  absence  of  an  exposure-response  function  does  not  mean  there  is  no  benefit, 
and  the  lack  of  an  economic  estimate  does  not  mean  the  benefit  has  no  value. 


It  is  our  understanding  that  the  emissions  estimates  prepared  by  Senes  Consultants  Ltd. 
are  being  reviewed  by  the  Ministry  of  the  Environment.  This  analysis  uses  the  industry 
totals  estimated  by  Senes  and  reported  in  the  earlier  study. 

4  The  DPA  Group  Inc. 


The  study  results  highlight  the  few  cases  where  public  benefits  could  be  quantified 
and  associated  economic  values  could  be  estimated.  As  a  result,  the  benefits 
were  understated. 

The  results  provided  a  rough  indication  of  the  nature  and  magnitude  of  the  public 
benefits  attributable  to  implementation  of  the  proposed  revisions  to 
Regulation  308.  The  results  are  defensible  if  used  properly.  They  are  broad 
approximations;  not  precise  estimates.  Considerable  scope  for  refinement  and 
enhancement  remains. 

2.2      Estimated  Benefits  Attributed  to  Reduced  Emissions  of  Sulphur 
Dioxide  and  Particulate  Matter 

The  total  value  of  the  public  benefits  for  which  an  economic  value  was  estimated 
ranges  between  $1.2  and  $4.0  billion  annually  for  the  least  stringent 
implementation  scenario.  The  most  stringent  implementation  scenario  yielded 
benefits  with  an  economic  value  of  $3.3  to  $7.7  billion  per  year. 

Sulphur  dioxide  and  particulate  matter  are  the  source  of  a  significant  share  of 
these  benefits.  That  is  due,  in  part,  to  the  availability  of  exposure-response 
functions  for  these  contaminants  and  the  lack  of  exposure-response  functions  for 
most  other  contaminants. 

The  public  benefits  estimated  for  the  reduction  in  sulphur  dioxide  emissions  that 
would  be  achieved  by  the  proposed  revisions  to  Regulation  308  are  as  shown  in 
Exhibit  2.1.  The  benefits  stem  primarily  from  reduced  mortality.  Functions  are 
available  to  estimate  a  wider  range  of  benefits  due  to  lower  particulate  matter 
emissions.  These  are  also  shown  in  Exhibit  2.1.  The  particulate  matter  benefits 
are  dominated  by  improved  visibility,  with  reduced  mortality  being  the  second 
largest  category. 
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EXHIBIT  2.1:  ESTIMATED  PUBLIC  BENEFITS  DUE  TO  REDUCED  EMISSIONS 

OF  SULPHUR  DIOXIDE  AND  PARTICULATE  MATTER 


SULPHUR  DIOXIDE 

Scenarios 

"A"  &  "D" 

Scenario 
"B" 

Scenario 
"C" 

Scenario 

-E" 

Reduced  Mortality  (Deaths/Year) 

250 

300 

97 

97 

Reduction  in  Hospital  Days  for 
Respiratory  Conditions 

3,746 

4,495 

1,458 

1,458 

Reduction  in  Hospital  Admissions 
for  Respiratory  Disease 

Value  of  Reduced  Mortality 
(millions  of  1986  $) 

Value  of  Non-Lethal  Health  Benefits 
(millions  of  1986  S) 

Economic  Value  of  Reduced  Sulphur 
Dioxide  Emissions 
(millions  of  1986  $) 


381 

$   550- 
$1,738 


$2-  $9 


457 

$   660 

$2,085 


$3  -  $10 


148 

$   213 
$    674 


$1  -  $3 


PARTICULATE  MATTER 

Reduced  Mortality  (Deaths/Year) 

Reduction  in  Emergency  Room  Visits 

Reduction  in  Restricted  Activity  Days 

Value  of  Reduced  Monality 
(millions  of  1986  $) 

Value  of  Non-Lethal  Health 
Benefits  (millions  of  1986  $) 


$7  -  $38 


$7  -  $41 


$3  -  $19 


148 

$   213 
$    674 


$1  -$3 


$    552- 

$    663- 

$    214- 

$    214  - 

$1,747 

$2,095 

$    677 

$    677 

Scenarios 

Scenario 

Scenario 

Scenario 

"A"  &  "D" 

"B" 

■C" 

"E" 

50 

54 

25 

36 

2,940 

3,188 

1,492 

2,117 

616,000 

668,000 

313,000 

443,000 

$    110- 

$    119- 

$     55  - 

$     79- 

$   348 

$   375 

$    174 

$   250 

$4  -  $27 


Improved  Visibility 
(millions  of  1986  $) 

$   653- 
$1306 

$    700- 
$1,400 

$   328- 
$   657 

$    583- 
$1,167 

Reduced  Materials  Damage 
(millions  of  1986  $) 

$6  -  $83 

$6  -  $92 

$3  -  $42 

$4  -  $60 

Economic  Value  of  Reduced 
Particulate  Matter  Emissions 
(millions  of  1986  $) 

$    776- 
$1,775 

$   832- 
$1,908 

$    389- 
S    892 

$    670- 

$1,504 
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Together  these  two  contaminants  account  for  40  to  50  percent  of  the  total  benefits 
which  could  be  estimated  for  the  lower  emissions  that  would  result  from 
implementation  of  the  proposed  revisions  to  Regulation  308.  In  light  of  the  major 
contribution  of  sulphur  dioxide  and  particulate  matter  to  the  overall  benefits,  an 
analysis  of  some  of  the  procedures  and  assumptions  used  to  derive  these  estimates 
is  appropriate.  This  is  especially  true  given  the  estimated  impacts  of  these 
contaminants  on  mortality,  and  the  fact  that  they  account  for  90  to  95  percent  of 
the  total  estimated  reduction  in  mortality. 

2.3      The  Procedure  Used  to  Estimate  Public  Benefits 

To  appreciate  the  potential  significance  of  some  of  the  assumptions  used,  it  helps 
to  understand  the  method  used  to  estimate  the  public  benefits. 

The  benefits  are  estimated  using  an  exposure-response  function.  Each  function 
determines  a  particular  benefit  (e.g.,  reduced  mortahty)  as  a  function  of  the 
change  in  concentration  of  the  contaminant  and  the  resources  (e.g.,  population) 
exposed.  The  exposure-response  functions  used  for  sulphur  dioxide  and  particulate 
matter  are  described  in  Appendix  B. 

To  apply  the  exposure-response  functions  it  is  necessary  to  know  the  current 
concentration  of  the  contaminant  at  each  point,  the  estimated  concentration  of  the 
contaminant  at  each  point  after  the  proposed  revisions  to  Regulation  308  have 
been  implemented  and  the  population  (or  other  appropriate  environmental 
resource)  at  that  point.  The  calculations  were  performed  using  a  4  km  grid.  The 
current  and  projected  concentrations  were  calculated  at  the  centre  of  each  grid 
cell.  The  change  in  concentration  was  assumed  to  apply  to  the  entire  4  km  by 
4  km  cell.  The  population  exposed  is  the  population  of  the  grid  cell.  The 
calculations  involve  over  15,000  grid  cells. 
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The  benefits  are  a  function  of  the  change  in  contaminant  concentration.  The 
proposed  revisions  to  Regulation  308  affect  the  emissions  by  a  specific 
establishment.  To  relate  the  contaminant  emissions  to  ambient  concentrations  it 
is  necessary  to: 

.  model  the   dispersion  of  emissions  over  the  area  surrounding  each 
establishment;    and 

.   aggregate  the  dispersion  patterns  for  a  given  contaminant  that  affect  each 
grid  cell  centre. 

The  latter  step  is  a  mechanical  process.  The  dispersion  modelling,  in  contrast,  is 
a  complex  technical  exercise  that  requires  extensive  data  on  the  characteristics  of 
the  stacks,  the  emission  flows  and  the  local  meteorological  conditions.  In  the  first 
study  several  simplifying  assumptions  were  used  with  respect  to  stack 
characteristics  and  emissions  flows  to  compensate  for  incomplete  data  and  to  ease 
the  computational  burden.  The  primary  purpose  of  this  study  is  to  examine  the 
impact  of  the  assumptions  relating  to  stack  characteristics. 

The  emissions  of  a  specific  contaminant  by  an  establishment,  both  at  present  and 
under  the  proposed  revisions  to  Regulation  308,  were  estimated.  A  related  study 
provided  industry  totals  for  each  contaminant  at  present  and  for  each  proposed 
regulatory  scenario."  The  industry  totals  were  apportioned  across  the 
establishments  in  the  industry,  usually  on  the  basis  of  employment.  This  study  also 
examines  the  impacts  of  using  actual  emissions  rather  than  estimated  emissions.^ 


"*  Senes  Consultants  Ltd.,  Estimation  of  Additional  Abatement  Costs  for  the  Proposed 
Revisions  to  Regulation  308,  forthcoming. 

5  As  noted  in  footnote  3,  the  industry  totals  estimated  by  Senes  Consultants  Ltd  are  being 
reviewed  by  the  Ministry  of  the  Environment.  Those  industry  totals  are  used  in  this 
analysis  as  well.     They  are  used  to  derive  the  estimated  emissions  by  establishment 
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2.4      The  Scope  of  This  Study 

This  study  examines  the  impact  on  the  benefits  estimates  for  sulphur  dioxide  and 
particulate  matter  of: 

.  using  more  accurate  data  for  stack  characteristics  and  emission  flows  in 
the  dispersion  modelling;    and 

.   using   actual   emissions   by   establishment   rather   than   the    estimated 
emissions. 

In  all  other  respects  the  procedure  described  above  is  unchanged. 

The  proposed  revisions  to  Regulation  308  were  estimated  to  affect  177  sources  of 
sulphur  dioxide,  emitting  a  total  of  87,995  toimes  annually.  Sources  of  sulphur 
dioxide  emissions  covered  by  the  province's  acid  rain  initiative  were  excluded 
because  reductions  achieved  by  those  sources  would  not  be  attributable  to  the 
proposed  revisions  to  Regulation  308.  Some  1,091  sources  of  particulate  matter 
emitting  92,208  tonnes  annually  were  included  in  the  earlier  public  benefits 
analysis. 

Many  sources  have  multiple  stacks.*  In  principle,  the  dispersion  of  emissions  from 
each  stack  must  be  modelled  separately.  The  dispersion  modelling  was  performed 


6 


(source).  The  actual  emissions  by  estahlishmeni  (as  provided  by  the  Ministry  of  the 
Environment)  for  the  establishments  in  the  samples  are  used  to  estimate  the  benefits  of 
lower  emissions  on  the  presumption  that  the  Scnes  estimate  of  the  total  emissions  by  the 
industry  is  correct. 

A  source  is  a  separate  plant  or  establishment.  A  source  can  have  multiple  stacks.  In 
the  terminology  of  dispersion  modelling  each  stack  is  referred  to  as  a  source.  In  this 
report  a  source  Ls  always  an  establishment  with  one  or  more  stacks. 
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using  the  new  models  developed  by  the  Ministry  of  the  Environment  for  use  with 
Regulation  308.  These  models  operate  on  a  personal  computer.  Each  run  can 
take  up  to  eight  hours.  Clearly,  separate  modelling  of  each  of  several  stacks  for 
roughly  1,100  establishments  is  a  mammoth  undertaking.  Time  and  budget 
constraints  did  not  allow  such  an  undertaking.  The  results,  for  smaller  sources, 
would  not  justify  the  effort.  And,  in  any  event,  the  requisite  stack  data  are  not 
available  for  many  smaller  establishments. 

Therefore,  the  analysis  in  this  study  was  performed  using  a  stratified  random 
sample  of  establishments  that  emit  sulphur  dioxide  and/or  particulate  matter. 

2.5      Sample  Selection 

The  estimated  emissions  from  an  individual  source  vary  from  a  fraction  of  a  tonne 
to  thousands  of  tonnes  per  year.  The  larger  sources  are  more  likely  to  have  stack 
characteristics  that  differ  from  those  assumed  in  the  dispersion  modelling.  The 
largest  sources  also  tend  to  have  the  greatest  impact  in  determining  the  benefits 
of  lower  emissions.  (Proximity  to  population  centres  is  the  other  key  variable.) 
Hence,  a  stratified  sample  that  ensures  higher  coverage  of  the  largest  sources  is 
adopted  for  the  analysis. 

Since  virtually  all  emitters  of  sulphur  dioxide  are  also  sources  of  particulate  matter, 
the  sulphur  dioxide  sample  is  selected  first  and  those  establishments  are  then 
augmented  as  necessary  to  get  the  desired  coverage  of  particulate  matter  sources. 
Drawing  a  completely  independent  sample  of  particulate  matter  sources  would 
increase  the  dispersion  modelling  work  with  no  gain  in  accuracy. 

A  sample  of  20  estabhshments  is  desired  for  the  analysis  of  changes  in  emissions 
of  sulphur  dioxide.    The  sample  is  stratified  to  provide  the  following  coverage: 


10  The  DPA  Group  Inc. 


all  sources  with  estimated  emissions  greater 

than  3,000  tonnes/year  4 

one-third  of  the  sources  with  estimated 

emissions  between  500  and  3,000  tonnes/year  9 

5%  of  the  sources  with  estimated  emissions 

of  less  than  500  tonnes/year  _7 

Total  sample  20 


A  sample  of  30  establishments  is  desired  for  the  analysis  of  changes  in  emissions 
of  particulate  matter.  The  20  establishments  in  the  sulphur  dioxide  sample  are 
also  part  of  the  particulate  matter  sample  to  reduce  the  dispersion  modelling 
effort.    The  particulate  matter  sample  is  stratified  as  follows: 


SO2  PM 

Sample        Only        Total 

all  sources  with  estimated  emissions 

greater  than  3,000  tonnes/year  13  4 

25%  of  the  sources  with  estimated 

emissions  between  500  and  3,000 

tonnes/year  6  4  10 


1.5%  of  the  sources  with  estimated 

emissions  of  less  than  500 

tonnesy^ear 

11 

J 

16 

Total  sample 

20 

10 

30 

The  required  stack  data  were  not  available  for  all  of  the  randomly  selected 
establishments.  As  result,  some  replacement  sources  were  drawn  among  the 
smallest  firms  and  one  of  the  intermediate  sources  was  dropped  due  to  lack  of 
availability  of  data. 

The  list  of  sources  selected  for  the  samples  is  provided  in  Exhibit  2.2. 
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The  distribution  of  sources  achieved  for  the  sulphur  dioxide  and  particulate  matter 
samples  is  as  follows: 

SO2  PM 

Sample        Only 

.   sources  with  estimated  emissions 
greater  than  3,000  tonnes/year  4  4 

.  sources  with  estimated  emissions 
between  500  and  3,000  tonnes/year  8  11 

.   sources  with  estimated  emissions  of 
less  than  500  tonnes/year  J7  14 

Total  sample  19  29 

2.6      Scaling  the  Sample  to  the  Population  Total 

The  19  sources  selected  for  the  sulphur  dioxide  sample  collectively  emit 
56.9  percent  of  the  total  estimated  emissions  affected  by  the  proposed  revisions 
to  Regulation  308.''  The  scale  factors  to  adjust  the  estimated  emissions  of  the 
sample  sources  to  the  estimated  emissions  of  all  establishments  in  the  emission 
size  category  are  as  follows: 


''  The  total  estimated  emissions  of  sulphur  dioxide  are  those  estimated  by  Senes  Consultants 
Ltd.  for  all  industries  that  emit  sulphur  dioxide  and  which  would  be  affected  by  the 
proposed  revisions  to  Regulation  308.    That  total  is  87,995  tonnes  annually. 
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Scale  Factor^ 

large:  over  3,000  tonnes/year  1.0000 

intermediate:  500  to  3,000  tonnes/year  3.1353 

small:  under  500  tonnes/year  9.7715 

These  scale  factors  are  used  to  assess  the  impact  of  using  source  specific  stack  and 
emissions  characteristics. 

The  actual  emissions  of  sulphur  dioxide  reported  by  the  Ministry  for  a  specific 
establishment  differ  significantly  from  the  estimated  emissions.^  The  actual 
emissions  of  many  of  the  sample  establishments  do  not  fall  within  the  limits  of  the 
stratum  for  which  the  source  was  selected,  i.e.,  an  establishment  selected  because 
it  was  estimated  to  be  a  large  (over  3,000  tonnes/year)  source  might  have  much 
lower  (under  500  tonnes/year)  emissions.  When  assessing  the  impact  of  using 
actual  emissions,  the  sample  sources  are  treated  as  random  selections  from  the 
overall   population.      The  actual  emissions   from  the    19  establishments  total 


®  The  scale  factor  is  calculated  by  dividing  the  estimated  emissions  of  sulphur  dioxide  from 
all  sources  in  a  size  category  by  the  estimated  emissions  of  the  sources  selected  as  part 
of  the  sample.  The  four  large  sources  have  estimated  emissions  of  35,170  tonnes  per  year; 
all  four  sources  are  part  of  the  sample  so  the  estimated  emissions  are  35,170  tonnes  per 
year  and  the  scale  factor  is  1.0000.  The  27  intermediate  sources  have  combined  emissions 
of  43,870  tonnes  annually  while  the  8  selected  for  the  sample  have  combined  emissions 
of  13,992  tonnes  per  year.  Hence  the  scale  factor  is  43,870/13,992  =  3.1353.  Finally,  the 
146  small  sources  have  combined  emissions  of  8,955  tonnes  per  ycjr  while  the  7  sources 
selected  have  total  emissions  of  916  tonnes  annually,  giving  a  scale  factor  of  ^^.7715. 

'  There  are  many  possible  explanations  for  the  differences  between  the  actual  and  estimated 
emissions  for  a  given  source.  The  major  reason  Ls  probably  the  procedure  used  to 
estimate  the  emissions  of  a  particular  establishment  from  the  industry  total  a.s  estimated 
by  Sencs  Q)nsultants  Ltd.  Actual  data  refer  to  a  specific  year  and  may  not  be 
representative  of  normal  operating  patlerns.  Actual  emissions  data  arc  noi  a\"ailaMc  tot 
all  establishments,  so  an  csiimaiion  procedure  had  lo  be  used  in  the  earlier  siudv 
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53,500  tonnes  per  year.  A  factor  of  1.6448  is  used  to  scale  the  sample  impacts  to 
the  population  total.^" 

The  29  sources  selected  for  the  particulate  matter  sample  emit  an  estimated 
29,896  tonnes  per  year,  32.4  percent  of  the  total  emissions  affected  by  the 
proposed  revisions  to  Regulation  308.  The  scale  factors  to  adjust  the  estimated 
emissions  of  the  sample  sources  to  the  estimated  emissions  of  all  establishments 
in  the  emission  size  category  are  as  follows: 


Scale  Factor^^ 

1.0000 

4.0140 

8.1147 

large:  over  3,000  tonnes/year 
intermediate:  500  to  3,000  tonnes/year 
small:  under  500  tonnes/year 


These  scale  factors  are  used  to  assess  the  impact  of  using  source  specific  stack  and 
emissions  characteristics. 

The  actual  emissions  of  particulates  reported  by  the  Ministry  for  a  specific 
establishment  differ  from  the  estimated  emissions.  The  variations  are  not  as  large 
as  in  the  case  of  sulphur  dioxide,  but  a  number  of  the  selected  sources  report 
actual  emissions  outside  the  size  category  for  which  they  were  selected.    Hence, 


1°  The  estimated  emissions  from  the  population  of  177  sulphur  dioxide  sources  is 
87,995  tonnes  annually.  The  aaual  emissions  by  the  19  establishments  selected  for  the 
sample  is  53,500  tonnes  per  year.    Hence,  the  scale  factor  is  87,995/53,500  =  1.6448. 

^^  The  scale  factors  relate  the  estimated  emissions  of  the  sample  sources  to  those  of  all 
sources.  The  four  large  sources  emit  14,975  tonnes  of  particulate  annually.  They  are  all 
part  of  the  sample  so  the  scale  factor  is  1.0000.  Tlie  38  intermediate  sources  have 
combined  emissions  of  42,924  tonnes  per  year.  The  1 1  sources  included  in  the  sample 
have  combined  emissions  of  10,694  tonnes  annually,  giving  a  scale  factor  of  42,924/10,694 
=  4.0140.  The  1,049  small  sources  have  combined  emissions  of  34,309  tonnes  per  year. 
The  14  sources  selected  for  the  sample  have  combined  emissions  of  4,228  tonnes  annually, 
giving  a  scale  factor  of  8.1147. 
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when  assessing  the  impact  of  using  actual  emissions,  the  sample  sources  are 
treated  as  random  selections  from  the  overall  population.  The  actual  emissions 
from  the  29  establishments  total  17,417  tonnes  per  year.  A  factor  of  5.2942  is 
used  to  scale  the  sample  impacts  to  the  population  total. '^ 

2.7      Consolidation  of  Stack  TyP^s 

Actual  stack  characteristics  were  provided  by  the  Ministry  for  the  final  sample  of 
29  sources  of  sulphur  dioxide  and/or  particulate  emissions.  The  selected 
establishments  presented  a  combined  total  of  265  individual  stacks.  In  principle, 
each  stack  should  be  modelled  separately.  The  time  and  effort  involved  in 
modelling  265  sources  with  different  apportionments  of  emissions  for  sulphur 
dioxide  and  particulate  is  excessive.  To  reduce  the  modelling  effort,  a  more 
manageable  number  of  representative  stacks  was  developed  with  the  concurrence 
of  the  Ministry's  Model  Development  Unit. 

A  virtual  source  is  one  where  the  dispersion  pattern  is  determined  by  the  building 
rather  than  the  stack.  Sources  where  the  stack  height  is  less  than  twice  the  height 
of  the  building  are  modelled  as  virtual  sources.  Since  the  Ministry  has  no  data 
available  on  building  dimensions,  a  reasonable  assumption  of  these  dimensions  was 
required.  A  typical  virtual  source  was  defined  as  one  of  14  m  height,  50  m  width, 
and  stack  elevation  less  than  28  m.  Thus  stacks  of  less  than  about  30  m  elevation 
could  be  considered  virtual  sources.^^  All  of  the  105  stacks  of  less  than  30  m  were 
treated  as  virtual  sources  with  the  same  dispersion  pattern. 


^'  The  scale  factor  is  calculated  by  relating  the  actual  emissions  of  17,417  tonnes  per  vear 
to  the  estimated  total  of  92,208  (92,208/17.417  =  5.2942). 

^3  Note  that  the  building  height  chosen  was  exactly  double,  and  the  width  one-half  of  that 
chosen  in  the  previous  study.  This  simplifies  comparisons  with  the  previous  effort,  and 
provides  additional  information  on  the  sensitivity  of  the  dispersion  field  to  building 
dimensions.  Sec  The  DPA  Group  Inc.,  Estimated  Public  Benefits  of  ImplcnK-ntinc  the 
Proposed  Revisions  to  Regulation  308,  Ontario  Ministrv'  of  the  Environnicni,  September, 
1988. 
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The  remaining  160  stacks  were  grouped  (per  plant)  according  to  characteristics 
such  as  height,  temperature,  contribution  to  total  plant  emissions,  etc.  The 
emissions  were  pooled  accordingly.  In  addition,  emissions  from  "stray  stacks", 
those  contributing  less  that  7  percent  of  total  plant  emissions,  were  distributed 
among  the  remaining  most-similar  stacks  or  virtual  sources. 

After  the  consolidation  process  had  been  completed,  a  total  of  49  different  stack 
types  were  defined  for  the  29  sources.  These  are  described  in  Exhibit  2.2.  They 
provide  good  coverage  of  high  elevated,  moderately  elevated,  low  elevated  and 
virtual  sources. 

2.8      Dispersion  Modelling 

2.8.1     The  Modelling  Assumptions  Used  in  the  Previous  Study 

In  the  previous  study,  a  standard  source  was  defined  and  modelled  for  each 
meteorological  area  of  the  province.^''  The  dispersion  modelling  yielded  annual 
average  ambient  concentration  values  for  an  area  extending  24  km  in  each 
direction  from  the  source.  A  different  dispersion  concentration  "footprint"  was 
created  for  each  meteorological  area.  The  dispersion  of  emissions  from  a 
particular  source  was  mapped  by  selecting  the  footprint  for  that  meteorological 
area,  locating  the  origin  at  the  emission  source  and  scaling  the  concentrations  for 
the  emission  rate  of  the  source  establishment. 


^^  Every  source  was  assumed  to  have  the  following  characteristics  for  the  purposes  of 
dispersion  modelling.  The  source  was  assumed  to  be  a  typical  "industrial  park"  building 
with  a  height  of  7  m,  a  width  of  100  m  and  a  stack  height  of  less  than  14  m.  Emissions 
are  assumed  to  exit  the  stack  with  a  velocity  of  0  and  at  ambient  exit  temperature. 
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Project  scheduling,  scope,  and  data  availability  at  that  time  did  not  allow  for  actual 
source  parameters  to  be  used  in  the  dispersion  modelling.  Since  about  95  percent 
of  the  sources  in  the  province  emit  under  virtual  source  conditions,  a  typical 
source  was  defined  as  a  building  of  7  m  height,  100  m  width,  and  less  than  14  m 
stack  elevation.  It  was  intended  that  the  enhanced  building  width  in  this  definition 
would  offset  to  some  degree  the  variability  in  actual  building  heights. 

Modelling  was  performed  on  a  2  km-resolution  receptor  grid  with  near-source 
resolution  increased  to  500  m  and  1,000  m.  Since  the  largest  discrepancies 
between  modelled  and  actual  concentrations  would  be  expected  to  occur  inside  a 
2-3  km  radius  of  an  elevated  source  (~5%  of  the  sources  in  Ontario),  some 
additional  approximations  were  suggested  to  offset  artificially  enhanced 
concentrations  near  the  source. 

For  the  analysis  of  public  benefits  the  study  reduced  the  modelled  resolution  to 
4  km  on  a  48  X  48  km  grid.  This  coincided  with  the  best  grid  resolution  for  which 
population  and  establishment  distribution  data  were  available  and  also  resulted  in 
lower  discrepancies  between  modelled  and  actual  concentrations  for  the  5  percent 
of  sources  which  were  elevated. 

2.8.2     The  Modelling  Assumptions  Used  in  the  Present  Study 

The  meteorology  developed  previously  was  used  in  the  present  study.  Receptor 
grid  resolution  was  set  at  4  km  on  a  48  x  48  km  grid  to  correspond  with  the 
resolution  used  previously  and  to  facilitate  the  subsequent  benefits  analysis. 

In  the  present  case,  a  dispersion  field  (footprint)  was  generated  for  each  source 
at  each  plant  (i.e.,  49  in  total).  As  previously,  annual  average  concentrations  were 
generated  at  each  grid  point. 
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Each  stack  at  each  plant  was  assigned  an  emission  rate  of  1  g/s.^^  Apportionment 
of  emissions  from  the  stacks  at  each  plant  was  normalized  for  each  of  sulphur 
dioxide  and  particulate  emissions.  The  1  g/s  footprints  are  scaled  down,  and 
superimposed  to  yield  a  summary  footprint  equivalent  to  a  total  1  g/s  plant 
emission  rate.  The  summary  footprint  is  different  for  sulphur  dioxide  and 
particulate  matter  because  the  proportion  of  emissions  from  each  stack  is  not  the 
same  for  these  two  contaminants. 

The  appropriate  summary  footprint  is  scaled  according  to  the  total  plant  emissions 
of  sulphur  dioxide  or  particulate  matter. 

The  models  are  limited  to  dispersion  over  a  25  km  radius.  Beyond  this  radius  the 
mathematics  become  unstable.  Small  quantities  of  contaminants  are  dispersed 
beyond  25  km.  These  quantities  increase  with  stack  height.  The  quantities 
dispersed  beyond  25  km  are  "lost"  to  the  benefit  calculation.^*  The  impact  of  this 
effect  can  not  be  estimated. 

2.9      Analyses 

Three  analyses  are  performed  separately  for  sulphur  dioxide  and  particulate  matter 
and  their  respective  categories  of  public  benefits.    They  are: 
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16 


The  assumption  of  a  uniform  emission  rale  is  necessary  due  lo  lack  of  data  and  for 
computational  simplicity.  Data  on  the  hourly  emission  rate  by  stack  are  not  available. 
If  such  data  were  available,  the  dispersion  of  emissions  from  each  stack  would  be  unique, 
because  the  dispersion  depends  upon  the  meteorological  conditions  prevailing  at  the  time 
the  emissions  occur.  The  analysis  uses  only  annual  average  ambient  concentrations.  It 
is  assumed  that  fluctuations  in  the  emission  rate  would  be  dampened  by  the  averaging 
process.  With  a  uniform  emission  rate,  the  same  dispersion  footprint  can  be  applied  to 
all  stacks  with  similar  characteristics  in  the  same  meteorological  area.  The  ambient 
concentrations  do  reflect  differences  in  the  total  quantity  emitted  from  each  stack. 

Technically  the  modelled  concentration  at  24  km  from  the  source  is  applied  over  a  4  km 
grid  cell  that  lies  between  22  km  and  26  km  from  the  source. 
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.  determination  of  benefits  for  the  sample  sources  using  estimated 
emissions  and  the  previous  dispersion  footprints  for  comparison  with  the 
benefits  calculated  previously  using  all  sources.  This  gives  an  indication 
of  the  representativeness  of  the  sample. 

.  determination  of  benefits  for  the  sample  sources  using  estimated 
emissions  and  the  new  dispersion  footprints  for  comparison  with  the 
sample  results  calculated  above.  This  gives  an  indication  of  the  impact 
of  stack  characteristics  assumptions  on  the  benefits  estimates. 

.  determination  of  benefits  for  the  sample  sources  using  actual  emissions 
and  the  new  dispersion  footprints  for  comparison  with  the  results 
calculated  above.  This  gives  an  indication  of  the  impact  of  using  actual 
emissions  data  on  the  benefits  estimates. 

In  addition  the  derivation  and  application  of  all  exposure-response  functions  was 
verified.   These  functions  are  attached  as  Appendix  B. 

The  impact  of  the  proposed  revisions  to  Regulation  308  on  current  actual 
emissions  was  assumed  to  be  the  percentage  reduction  estimated  by  Senes 
Consultants  for  the  relevant  industry.  Actual  emissions  for  sample  establishments 
may  be  higher  or  lower  than  those  estimated  from  the  industry  totals.  These 
differences  may  be  due  to  many  factors  including  the  control  technology  currently 
installed.  Regardless  of  the  actual  emissions  it  is  assumed  that  they  are  reduced 
at  each  establishment  by  the  same  percentage  as  estimated  by  Senes  Consultants 
for  the  industry  as  a  whole. 
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2.10    Discussion  of  Dispersion  Modelling  Results 

Comparison  was  made  between  previous  study  output  and  present  study  output 
for  a  virtual  source  in  Toronto.  A  point  by  point  comparison  is  presented  in 
Exhibit  2.3.  'TOR-PREV"  refers  to  the  previous  study,  while  "AST80386"  and 
"H-R80386"  refer  to  the  present  study.  This  showed  that  the  doubling  of  building 
height  and  halving  of  building  width  resulted  in  output  concentration  data  on  the 
4  km  resolution  grid  that  was  within  about  ±  4  percent  of  previous  results.  This 
agreed  with  expectations  for  these  sources  confirming  that  the  previous  building 
source  assumptions  would  yield  representative  dispersion  footprints  for  most  virtual 
sources  in  Ontario. 

Output  for  several  multi-source  plants  was  tabulated  and  individual  receptor 
concentrations  were  inspected  and  compared.  Anticipated  trends  in  comparing 
high-elevated,  moderately  elevated,  and  virtual  source-generated  receptor 
concentrations  were  confirmed. 

An  example  is  provided  in  Exhibit  2.4.  While  it  is  generally  the  case  that  annual 
average  ambient  concentrations  resulting  from  virtual  source  assumptions  exceed 
those  resulting  from  elevated  source  assumptions  (on  the  48  x  48  km,  4  km 
resolution  grid),  it  can  be  observed  that  for  10  to  15  percent  of  the  receptors,  the 
reverse  is  true. 

Comparing  elevated  and  virtual  source  effects  on  annual  average  ambient 
concentrations  in  this  example: 

.   For  half  to  two  thirds  of  the  receptors,  elevated  source  results  are  within 
a  factor  of  2  of  the  virtual  source  results. 
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.  The  largest  absolute  differences  and  larger  percentage  differences  occur 
at  the  receptor  locations  nearest  the  source. 

.  The  smallest  absolute  differences  and  largest  percentage  differences  tend 
to  occur  near  the  grid  perimeter. 

.  98  percent  of  the  receptor  grid  concentrations  resulting  from  virtual 
source  assumptions  fall  within  the  same  order  of  magnitude  as  those 
resulting  from  elevated  source  assumptions. 

.  The  taller  stack  always  yields  marginally  higher  resultant  concentrations 
than  the  shorter  (intermediate)  stack.  This  would  not  generally  be  the 
case  but  can  in  this  instance  be  attributed  to  the  higher  buoyancy  and 
plume  rise  of  the  shorter  stack. 

The  changes  in  the  dispersion  footprint  are  only  one  aspect  of  the  effect  of  the 
modelling  inputs  on  the  benefits  estimates.  The  other  critical  factor  is  how  the 
changes  in  estimated  concentrations  are  distributed  in  relation  to  the  population. 
These  effects  are  analysed  in  the  next  two  chapters. 
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3.0    SULPHUR  DIOXroE 


Sulphur  dioxide  causes  respiratory  problems,  is  phytotoxic,  causes  materials 
damage,  and  can  reduce  visibility. 

Exposure-response  functions  for  sulphur  dioxide  are  provided  in  Appendix  B  with 
respect  to: 

.    mortality; 

.   hospital  days  for  respiratory  conditions;    and 

.   hospital  admissions  for  respiratory  disease. 

3.1      Previous  Results 

Reductions  in  mortality  estimated  to  result  from  lower  concentrations  of  sulphur 
dioxide  attributable  to  implementation  of  the  proposed  revisions  to  Regulation  308 
are  as  follows: 


Range  of  Economic 

Reduced  Mortality 

BenefitsA'ear 

Deaths/Year 
250 

n986  C$) 

Scenarios*''  "A"  &  "D" 

$550  -  1,738  million 

Scenario  "B" 

300 

$660  -  2,085  million 

Scenario  "C" 

97 

$213  -     674  million 

Scenario  "E" 

97 

$213  -     674  million 

The  scenarios  arc  defined  in  Appendix  C. 
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The  estimated  benefits  of  the  proposed  revisions  to  Regulation  308  in  the  form 
of  reduced  hospitalization  due  to  lower  sulphur  dioxide  concentrations  are  as 
follows: 


Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C"  "E" 

Reduction  in  Hospital 
Days  for  Respiratory 
Conditions  3,746  4,495  1,458  1,458 

Reduction  in  Hospital 
Admissions  for 
Respiratory  Disease  381  457  148  148 


ilue  (million  1986  C$) 

.  Low^* 

$    2.5 

$    3.0 

$    1.0 

$    1.0 

.  Centralis 

$    8.7 

$  10.4 

$    3.4 

$    3.4 

3.2      Revisions  to  Previous  Results 

A  review  of  the  derivation  of  the  exposure-response  function  led  to  a  change  in 
the  coefficient  for  the  sulphur  dioxide  mortality  equation  from  2.672  x  10-^  to 
1.670  x  10"^.    The  corrected  exposure  response  function  is  shown  in  Appendix  B. 

Minor  computational  errors  were  also  uncovered  that  affected  all  three  exposure 
response  functions.   These  were  corrected. 

Revised  results  were  calculated  using  the  estimated  emissions  and  the  same 
dispersion  footprints  used  in  the  Pubhc  Benefits  study  for  all  sulphur  dioxide 
sources.   The  revised  results  are  as  shown  below. 


Low  and  central  refer  to  the  economic  values  assigned  to  various  categories  of  benefits, 
see  Section  3.11  and  Appendix  A  of  The  DPA  Group  Inc.,  Estimated  Public  Benefits  of 
Implementing  the  Proposed  Revisions  to  Regulation  308,  Ontario  Ministry  of  the 
Environment,  September,  1988. 

28  The  DPA  Group  Inc. 


Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C  "E" 

Reduced  Mortality 
(Deaths/year)  240  296  81  82 

Reduction  in  Hospital  Days 
for  Respiratory  Conditions    5,745  7,083  1,936  1,955 

Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease  584  720  197  199 


v^alue  of  Reduced 

Mortality  (millions 

$    528- 

$    651  - 

$    178- 

$    180- 

of  1986  $y^ 

$1,667 

$2,055 

$    562 

$    567 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $y^  $4  -  $13  $5  -  $16  $1  -  $5  $1  -  $5 


TTiese  results  were  calculated  in  exactly  the  same  manner  as  those  presented  in 
the  report  on  the  earlier  study.  The  differences  are  due  entirely  to  correction  of 
the  computational  error  and  revision  of  the  mortality  exposure-response  function. 

3.3      Sample  Estimation  of  Benefits 

The  above  benefits  were  also  estimated  using  the  stratified  sample  of  19  sulphur 
dioxide  sources.  These  results  are  calculated  using  the  estimated  emissions  and 
the  deposition  footprints  used  in  the  Public  Benefits  study.  The  only  difference 
is  that  these  results  are  estimated  using  the  stratified  sample  of  19  sources  rather 
than  the  entire  population  of  177  sources.  The  analysis  serves  as  an  indicator  of 
how  well  the  stratified  sample  matches  the  population  totals.  The  results  are 
shown  below: 


'*'    The  range  refletls  the  low  and  central  values  of  the  economic  benefits 
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Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C"  "E" 

Reduced  Mortality 
(Deaths/year)  233  289  41  39 

Reduction  in  Hospital  Days 
for  Respiratory  Conditions    5,586  6,932  971  942 

Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease  568  704  99  96 


Value  of  Reduced 

Mortality  (millions 

$    513  - 

$    637  - 

$     89  - 

$     87 

of  1986  $)2o 

$1,621 

$2,011 

$    282 

$    273 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $f^  $4  -  $13  $5  -  $16  $1  -  $2  $1  -  $2 

The  stratified  sample  provides  estimates  of  benefits  which  are  very  close  to  those 
obtained  using  the  population  totals  for  Scenarios  A&D  and  B,  being  within  3 
percent  of  the  total  in  each  case. 

The  sample  estimates  for  Scenarios  C  and  E  are  approximately  half  the  population 
totals.  The  establishments  selected  for  the  sample  are  from  industries  where  the 
reductions  in  emissions  under  Scenarios  C  and  E  are  smaller  than  those 
anticipated  for  sulphur  dioxide  emissions  generally. 

3.4      Impact  of  the  Revised  Deposition  Footprints 

Tlie  next  step  in  the  analysis  is  to  estimate  the  above  benefits  for  the  stratified 
sample  of  19  sulphur  dioxide  sources  using  the  estimated  emissions  and  the  new 


^    The  range  reflects  the  low  and  central  values  of  the  economic  benefits. 
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source-specific  deposition  footprints.   This  isolates  the  impact  of  the  assumptions 
used  in  the  deposition  modelling.    The  results  are  presented  below. 


Scenarios  Scenario  Scenario  Scenario 

"A"  &  "D"  "B"  "C"                  "E" 

Reduced  Mortality 

(Deaths/year)                              54  62  11                    11 

Reduction  in  Hospital  Days 

for  Respiratory  Conditions    1,300  1,491  256                  259 


Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease 

132 

151 

26 

26 

Value  of  Reduced 

Mortality  (millions 
of  1986  $)2i 

$ 

$ 

119- 

377 

$    137- 
$    432 

$     23  - 
$     74 

$     24- 
$     75 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $)2i  $1  -  $3  $1  -  $3  <    $1  <    $1 


Changing  the  deposition  modelling  assumptions  has  a  significant  impact  on  the 
results.  The  benefits  obtained  using  source  specific  stack  and  emissions 
characteristics  are  roughly  one-quarter  as  large  as  those  obtained  using  the 
assumption  that  all  sources  have  the  same  characteristics. 

This  comparison  overstates  the  effect  of  using  more  accurate  stack  data  by  an 
unknown  amount.  Previously  all  sources  were  virtual  (building)  sources.  Using 
actual  stack  characteristics,  significant  quantities  of  sulphur  dioxide  are  emitted 
from  stacks  higher  than  30  m.  A  larger,  but  unknown,  fraction  of  the  emissions 
from  higher  stacks  are  deposited  outside  the  model  deposition  area.  Since  a 
smaller  fraction  of  the  emissions  fall  within  the  modelled  footprint,  the  difference 


2'    The  range  rcnccUi  the  low  and  central  values  ol  ihe  economic  benefits. 
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between  the  previous  estimates  and  the  estimates  based  on  actual  stack  data  are 
overstated. 

3.5      Impact  of  Using  Actual  Emissions  Data 

The  actual  emissions  for  the  19  sulphur  dioxide  sources  in  the  sample  total 
53,500  tonnes  per  year.  The  emissions  estimated  for  these  sources  totalled 
50,078  tonnes  per  year.  The  total  estimated  for  all  sources  that  would  be  affected 
by  the  revisions  to  Regulation  308  is  87,995  tonnes  per  year.  This  total  is  assumed 
to  be  correct. 

The  benefits  are  calculated  for  the  19  sample  sources  using  the  actual  emissions 
and  the  source  specific  stack  and  emissions  characteristics.  Those  results  are 
scaled  up  to  the  total  emissions  of  87,995  tonnes  per  year.  When  compared  with 
the  results  presented  above,  this  analysis  isolates  the  effect  of  using  actual  vs. 
estimated  emissions.    The  results  are  presented  below. 


Scenarios 
"A"  &  "D" 


Scenario 
"B" 


Scenario 
"C" 


Scenario 
"E" 


Reduced  MortaUty 
(Deaths/year) 


56 


Reduction  in  Hospital  Days 
for  Respiratory  Conditions    1,341 

Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease  136 


70 


1,686 


171 


19 


448 


45 


19 


460 


47 


Value  of  Reduced 

Mortahty  (millions 

$ 

123  - 

$ 

155  - 

$ 

41  - 

$ 

42- 

of  1986  $)22 

$ 

389 

$ 

489 

$ 

130 

$ 

134 

^'    The  range  reflects  the  low  and  central  values  of  the  economic  benefits. 
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Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C  "E" 

Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  $)22  $1  -  $3  $1  -  $4  <    $1  <    $1 


The  impact  of  using  actual  emissions  is  to  raise  the  estimated  benefits  under  all 
scenarios.  The  increase  is  small  (less  then  5%)  for  Scenarios  A&D,  in  the  range 
of  10-15  percent  for  Scenario  B  and  of  the  order  of  75  percent  for  Scenarios  C 
and  E. 

The  public  benefits  estimated  using  the  sample  sources  with  their  actual  emissions 
and  source  specific  stack  and  emissions  characteristics  are  slightly  less  than  one- 
quarter  of  the  revised  results  (presented  in  Section  3.2)  obtained  using  the 
procedures  and  assumptions  of  the  Public  Benefits  study. 

These  calculations  also  compare  the  revised  deposition  footprints  with  those 
previously  used.  And  since  the  revised  footprints  capture  a  smaller  share  of  the 
total  emissions,  the  differences  are  overstated  to  an  unknown  extent. 

3.6      Threshold  Exceedances  of  Sulphur  Dioxide  Concentrations 

The  Public  Benefits  study  reported  areas  and  populations  estimated  to  be  exposed 
to  above  threshold  concentrations  of  sulphur  dioxide.  Those  above  threshold 
exposures  are  presumed  to  pose  risks  for  both  human  health  and  plant  life  and 
the  revisions  to  Regulation  308  propose  to  restrict  concentrations  to  below 
threshold  levels.  The  areas  and  population  exposed  were  estimated.  But  specific 
health  and  crop  impacts  of  those  above  threshold  exposures  could  not  be 
determined  due  to  the  lack  of  appropriate  above  threshold  exposure-response 
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functions.  Consequently,  the  benefits  of  reduced  exposures  also  could  not  be 
determined  or  valued. 

The  use  of  a  sample  of  sulphur  dioxide  emission  sources  does  not  allow  the 
exposure  calculations  to  be  repeated  in  a  meaningful  way.  That  calculation 
requires  that  the  dispersion  patterns  of  all  sources  be  combined  so  that  the  total 
ambient  concentration  at  each  point  can  be  computed.  Mixing  the  dispersion  data 
for  sample  sources,  calculated  with  actual  emissions  and  actual  stack 
characteristics,  with  those  of  the  remaining  sources,  calculated  with  estimated 
emissions  and  assumed  stack  characteristics,  is  not  meaningful. 
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4.0  SUSPENDED  PARTICULATE  MATTER 


Suspended  particulate  matter  causes  respiratory  problems,  damages  materials  and 
reduces  visibility. 

Exposure-response  functions  for  suspended  particulate  matter  are  available  for: 

.   mortality; 

.  restricted  activity  days; 

.   emergency  room  visits; 

.   materials  damage;    and 

.  visibility. 
These  functions  are  described  in  Appendix  B.    As  discussed  in  Section  4.6,  the 
visibility  function  takes  a  form  that  can  not  be  calculated  on  a  sample  basis  and 
extrapolated  to  the  population.  Hence,  the  visibility  benefits  are  not  addressed  in 
the  following  sections. 

4.1      Previous  Results 

Reductions  in  mortality  estimated  to  result  from  lower  concentrations  of  suspended 
particulate  matter  attributable  to  implementation  to  the  proposed  revisions  to 
Regulation  308  are  estimated  as  follows: 
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Range  of  Economic 

Reduced  Mortality 

BenefitsA'ear 

DeathsA'ear 
50 

ri986  C$) 

Scenarios^  "A"  &  "D" 

$110  -  348  million 

Scenario  "B" 

54 

$119  -  375  million 

Scenario  "C" 

25 

$  55  -  174  million 

Scenario  "E" 

36 

$  79  -  250  million 

The  benefits  of  implementing  the  proposed  revisions  to  Regulation  308  in  the  form 
of  lower  restricted  activity  days  and  emergency  room  visits  due  to  reduced 
particulate  matter  concentrations  are  estimated  to  be  as  follows: 


Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C"  "E" 


Reduction  in  Emergency 


Room  Visits 

2,940 

3,189 

1,492 

2,116 

Reduction  in  Restricted 
Activity  Days 

616,000 

668,000 

313,000 

443,000 

Value  (million  1986  C$) 
.Low24 
.  Central24 

$    6.6 
$  37.7 

$    7.2 
$  40.9 

$    3.4 
$  19.2 

$    4.7 
$  27.1 

The  reduced  materials  damage  estimated  to  result  from  lower  concentrations  of 
particulate  matter  attributable  to  implementation  of  the  proposed  revisions  to 
Regulation  308  is  as  follows: 


23   The  scenarios  are  defined  in  Appendix  C. 

^  Low  and  central  refer  to  the  economic  values  assigned  to  various  categories  of  benefits, 
see  Section  3.11  and  Appendix  A  of  The  DPA  Group  Inc.,  Estimated  Public  Benefits  of 
Implementing  the  Proposed  Revisions  to  Regulation  308,  Ontario  Ministry  of  the 
Environment,  September,  1988. 

36  The  DPA  Group  Inc. 


Scenarios  Scenario  Scenario  Scenario 

"A"  &  "D"  "B"  "C  "E" 

Reduction  in  Materials 
Damage  (million  1986  C$) 

.  Low^                                 $    5.8  $    6.3  $    3.0  $    4.2 

.  CentraP                            $  83.0  $  90.0  $  42.1  $  59.8 


The  foregoing  results  replicate  the  calculations  reported  in  the  earlier  study.  They 
are  identical  to  those  reported  in  that  study  with  the  exception  of  a  few  changes 
due  to  rounding  resulting  from  the  greater  precision  adopted  in  the  current 
calculations. 

4.2      Sample  Estimation  of  Benefits 

The  above  benefits  were  also  estimated  using  the  stratified  sample  of 
29  particulate  matter  sources.  These  results  are  calculated  using  the  estimated 
emissions  and  the  deposition  footprints  used  in  the  previous  study.  The  analysis 
measures  how  well  the  stratified  sample  matches  the  population  totals.  The  results 
are  shown  below. 


Scenarios        Scenario  Scenario  Scenario 

"A"  &  "D"  "B"  "C  "E" 

Reduced  Mortality 
(Deaths/year)  86  90  49  72 

Reduction  in  Emergency 
Room  Visits  5,034  5,276  2,873  4.235 

Reduction  in  Restricted 
Activity  Days  1,055,000         1,105,000  602,000  887.000 


^  Low  and  central  refer  to  the  economic  values  assigned  to  various  categories  of  henefiis, 
sec  Section  3.11  and  Appendix  A  of  The  DPA  Group  Inc.,  Estimated  Public  Benefits  of 
Implementing  the  Propt)scd  Revisions  to  Regulation  .308,  Ontario  Ministry  of  the 
Environment,  September.  1988. 
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Scenarios 

Scenario 

Scenario 

Scenario 

"A"  &  "D" 

"B" 

"C" 

"E" 

Value  of  Reduced 

Mortality  (millions 

$  189  - 

$  198- 

$  108- 

$  158- 

of  1986  $)26 

$  598 

$  626 

$  341 

$  500 

Value  of  Non-Lethal 

Health  Impacts 

$     9- 

$    12  - 

$     6- 

$    10- 

(millions  of  1986  S)^ 

$    65 

$    68 

$    37 

$    54 

Reduced  Materials 

Damage  (millions  of 

$    10- 

$    10- 

$     6- 

$     8- 

1986  $)^ 

$  142 

$  149 

$    81 

$  120 

The  estimates  derived  from  the  stratified  sample  are  65  to  100  percent  higher  than 
those  based  on  the  population.  The  difference  between  the  benefits  estimated 
using  the  stratified  sample  and  those  estimated  using  the  entire  population  of 
1,091  sources  is  largest  for  Scenarios  C  and  E.  Since  all  of  the  sample  estimates 
exceed  the  population  figures,  it  suggests  that  the  sample  sources  tend  to  have 
larger  populations  within  their  dispersion  areas  than  is  the  case  for  particulate 
matter  sources  generally. 

The  comparison  suggests  that  the  establishments  in  the  sample  are  from  industries 
where  the  reductions  in  emissions  under  Scenarios  C  and  E  are  smaller  than  those 
for  particulate  matter  generally.  That  was  also  true  of  the  sulphur  dioxide  sample. 
Since  the  sulphur  dioxide  sample  represents  two-thirds  of  the  particulate  matter 
sample  it  is  not  so  surprising  that  it  is  also  true  for  particulates. 


2*    The  range  reflects  the  low  and  central  values  of  the  economic  benefits. 
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4.3      Impact  of  the  Revised  Deposition  Footprints 

Next,  the  benefits  of  reduced  particulate  emissions  are  estimated  using  the 
stratified  sample  of  29  sources  and  their  specific  deposition  footprints,  but  still 
using  the  estimated  emissions.  This  isolates  the  impact  of  the  assumptions  used 
in  the  deposition  modelling.    The  results  are  presented  below. 


Reduced  Mortality 
(Deaths/year) 

Reduction  in  Emergency 
Room  Visits 

Reduction  in  Restricted 
Activity  Days 

Value  of  Reduced 


Scenarios 
"A"  &  "D" 


25 


1,463 


306,500 


Scenario 
"B" 


25 


Scenario         Scenario 
"C"  "E" 


1,485 


311,000 


18 


1,045 


24 


1,391 


219,000  291,000 


Mortality  (millions 
of  1986  $y^ 

$    55  - 
$  174 

$    55  - 
$  174 

$    40- 
$  125 

$  53  - 
$  167 

Value  of  Non-Lethal 
Health  Impacts 
(millions  of  1986  Sf' 

$     3  - 
$    19 

$     3- 
$    19 

$     2- 
$    13 

$  3- 
$    18 

Reduced  Materials 
Damage  (millions  of 
1986  $)27 

$     3- 
$    41 

$     3- 

$    42 

$     2- 
$    30 

$  3. 
$    40 

As  was  the  case  for  the  sulphur  dioxide  sample,  changing  the  deposition  modelling 
assumptions  has  a  significant  impact  on  the  results.  The  benefits  estimated  using 
the  source  specific  stack  and  emissions  characteristics  are  roughly  one-third  as 


2'    The  range  rcnects  the  low  and  ceniral  values  of  the  economic  benefits. 
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large  as  those  calculated  using  the  assumption  that  all  sources  have  the  same 
characteristics. 

This  comparison  overstates  the  effect  of  using  more  accurate  stack  data  by  an 
unknown  amount.  Previously  all  sources  were  virtual  (building)  sources.  Using 
actual  stack  characteristics,  significant  quantities  of  particulates  are  emitted  from 
stacks  higher  than  30  m.  A  larger,  but  unknown,  fraction  of  the  emissions  from 
higher  stacks  are  deposited  outside  the  model  deposition  area.  Since  a  smaller 
fraction  of  the  emissions  fall  within  the  modelled  footprint,  the  difference  between 
the  previous  estimates  and  the  estimates  based  on  actual  stack  data  are  overstated. 

4.4      Impact  of  Using  Actual  Emissions  Data 

The  actual  emissions  of  particulate  matter  for  the  29  sources  in  the  sample  are 
17,417  tonnes  per  year.  The  emissions  estimated  for  those  sources  totalled 
29,896  tonnes  per  year.  Total  particulate  matter  emissions  estimated  for  all 
sources  that  would  be  affected  by  the  revisions  to  Regulation  308  amount  to 
92,208  tonnes  per  year.  This  total  is  assumed  to  be  correct.  This  assumption  is 
discussed  further  below. 

The  benefits  are  calculated  for  the  29  sample  sources  using  the  actual  emissions 
and  the  source  specific  deposition  patterns.  Those  results  are  scaled  up  to  the 
total  emissions  of  92,208  tonnes  per  year.  When  compared  with  the  results 
presented  above,  this  analysis  isolates  the  effect  of  using  actual  vs.  estimated 
emissions.    The  results  are  presented  below. 


40  The  DPA  Group  Inc. 


Scenarios 

Scenario 

Scenario 

Scenario 

"A"  &  "D" 

"B" 

"C 

"E" 

Reduced  Mortality 

(Deaths/year) 

11 

12 

5 

8 

Reduction  in  Emergency 

Room  Visits 

637 

681 

321 

492 

Reduction  in  Restricted 

Activity  Days 

133,500 

142,500 

67,000 

103,000 

Value  of  Reduced 

Mortality  (millions 

$    24  - 

$    26- 

$    11  - 

$    18- 

of  1986  $)2« 

$    76 

$    83 

$    35 

$    56 

Value  of  Non-Lethal 

Health  Impacts 

$     1  - 

$     2- 

$     1  - 

$     1  - 

(miUions  of  1986  $)^ 

$     8 

$     9 

$     4 

$     6 

Reduced  Materials 

Damage  (millions  of 

$     1  - 

$     1  - 

$      1  - 

S     1  - 

1986  $)2« 

$    18 

$    19 

$     9 

$    14 

The  impact  of  using  actual  emissions  is  to  reduce  the  estimated  benefits  bet^^'een 
45  and  70  percent  depending  upon  the  scenario.  This  contrasts  with  the  sulphur 
dioxide  sample,  where  the  effect  of  using  actual  emissions  was  to  raise  the  benefits 
estimates. 

It  should  be  noted  that  the  analysis  assumes  that  the  estimate  of  total  emissions 
by  all  sources  that  would  be  affected  by  the  revisions  to  Regulation  308  is  correct. 
In  the  case  of  sulphur  dioxide  that  actual  emissions  of  the  sample  sources  was 
about  7  percent  higher  than  the  estimated  emissions  for  those  sources.  Using  the 
sample  data  to  estimate  a  new  population  total,  rather  than  assuming  that  the 
estimated  population  total  is  correct  would  make  relatively  little  difference. 


^    The  range  reflects  the  low  and  central  values  dI  the  economic  benefits. 
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In  the  case  of  particulate  matter,  the  actual  emissions  of  the  29  sample  sources 
amount  to  only  58  percent  of  the  estimated  emissions  of  those  sources.  Using  the 
sample  data  to  estimate  a  new  population  total,  rather  than  assuming  that  the 
estimate  population  total  is  correct  could  have  a  more  significant  impact  on  the 
benefits  estimates. 

The  public  benefits  estimated  using  the  sample  sources  with  their  actual  emissions 
and  source  specific  stack  and  emissions  characteristics  are  slightly  less  than  one- 
quarter  of  the  results  obtained  using  the  procedures  and  assumptions  of  the  Public 
Benefits  study. 

These  calculations  also  compare  the  revised  deposition  footprints  with  those 
previously  used.  And  since  the  revised  footprints  capture  a  smaller  share  of  the 
total  emissions,  the  differences  are  overstated  to  an  unknown  extent. 

The  ratio  of  the  public  benefits  estimated  using  the  sample  sources  with  their 
actual  emissions  and  source  specific  stack  and  emissions  characteristics  to  the 
public  benefits  estimated  in  the  Public  Benefits  study  is  the  same  for  all  scenarios. 
Coincidentally,  it  is  virtually  identical  to  the  relationship  that  was  found  for  sulphur 
dioxide.  We  believe  that  to  be  a  coincidence  rather  than  a  fundamental  pattern. 
It  may  be  due  to  the  extensive  overlap  between  the  sulphur  dioxide  and  particulate 
matter  samples. 

4.5      Threshold  Exceedances  of  Particulate  Matter  Concentrations 

The  earlier  study  reported  areas  and  populations  estimated  to  be  exposed  to  above 
threshold  concentrations  of  particulate  matter.  Those  above  threshold  exposures 
are  presumed  to  pose  risks  for  human  health.  Specific  health  benefits  due  to 
reduced  exposures  to  above  threshold  concentrations  were  not  determined  due  to 
the  lack  of  appropriate  exposure-response  functions. 
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The  use  of  a  sample  of  particulate  matter  sources  does  not  allow  the  above 
threshold  exposure  calculations  to  be  repeated  in  a  meaningful  way.  That 
calculation  requires  that  the  dispersion  patterns  of  all  sources  be  combined  so  that 
the  total  ambient  concentration  at  each  point  can  be  computed.  Mbdng  the 
dispersion  data  for  sample  sources,  calculated  with  actual  emissions  and  actual 
stack  characteristics,  with  those  of  the  remaining  sources,  calculated  with  estimated 
emissions  and  assumed  stack  characteristics,  is  not  meaningful. 

4.6      Impacts  on  Visibility 

The  exposure-response  function  for  visibility  (see  Appendix  B)  depends  upon  the 
ratio  of  the  particulate  matter  concentration;  the  current  concentration  divided 
by  the  estimated  concentration  after  the  proposed  revisions  to  Regulation  308  have 
been  implemented.  To  apply  this  equation,  it  is  necessary  to  have  the  total 
particulate  matter  concentration  at  each  point  before  and  after  implementation  of 
the  proposed  revisions  to  Regulation  308. 

Using  the  sample  yields  particulate  matter  concentrations  from  those  sources 
alone,  not  the  total  particulate  matter  concentration  from  all  sources.  The  ratio 
of  the  before  and  after  concentrations  is  therefore  incorrect.  Hence,  the  impact 
of  the  procedures  and  assumptions  used  in  the  previous  study  on  the  visibility 
benefit  could  not  be  assessed. 

In  the  process  of  investigating  this  question  it  became  apparent  that  the  visibility 
benefit  reported  previously  is  probably  significantly  overstated.  The  exposure- 
response  function  gives  the  greatest  weight  to  areas  that  experience  the  largest 
proportional  reduction  in  particulate  matter  concentration.  We  found  that  large 
proportional  reductions  often  occurred  in  grid  cells  where  existing  particulate 
matter  concentrations  were   low.      The   proposed   revisions   to   Regulation  308 
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reduced  these  low  concentrations  significantly,  producing  large  proportional 
changes  and  correspondingly  large  benefits  for  improved  visibility.  However,  the 
existing  concentrations  are  so  low  that  it  must  be  questioned  whether  visibility  is 
hampered  at  present  and  consequently  whether  an  improvement  can  be  noticed. 

We  found  no  threshold  concentrations  or  other  information  in  the  literature  that 
would  permit  us  to  adjust  the  exposure-response  function  for  visibility.  We 
recommend  that  the  estimated  visibility  benefits  for  particulate  matter  be  dropped 
from  the  analysis. 
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5.0    CONCLUSIONS 


An  earlier  study  for  the  Ministry  identified  the  air  quality,  health  and 
environmental  benefits  expected  from  implementation  of  proposed  revisions  to 
Regulation  308.^^  That  study  had  to  overcome  data  limitations  and  methodological 
issues  within  tight  deadlines.  The  results  were  qualified  as  broad  approximations 
that  provide  a  rough  indication  of  the  nature  and  magnitude  of  the  public  benefits 
of  the  proposed  revisions. 

Overall  sulphur  dioxide  and  particulate  matter  accounted  for  40  to  50  percent  of 
the  estimated  benefits  that  could  be  quantified.  This  report  examined  the  impacts 
of  using  more  accurate  stack  data  and  actual  emissions  instead  of  estimated 
emissions  on  the  estimates  of  the  public  benefits  associated  with  sulphur  dioxide 
and  particulate  matter. 

5.1      Revised  Results 

Using  stack  characteristics  and  actual  emissions  for  a  sample  of  sources  and 
extrapolating  to  the  population  total  produces  the  following  estimates  of  the 
annual  public  benefits  associated  with  the  proposed  revisions  to  Regulation  308. 


2''    The  DPA  Group  Inc.,  llstimaicd  Public  Benefits  of  linplenieniini^  the  Proposed  Revisions 
to  Regulation  308,  Ontario  Ministry  of  the  Environment,  September.  U'S.S 
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SULPHUR  DIOXIDE 


Reduced  Mortality 
(Deaths/year) 


Scenarios 
"A"  &  "D" 


56 


Reduction  in  Hospital  Days 
for  Respiratory  Conditions    1,341 


Scenario 
"B" 


70 


1,686 


Scenario 

"C" 


19 


Reduction  in  Hospital 
Admissions  for  Respiratory 
Disease 


36 


171 


448 


45 


Value  of  Non-Lethal 
Health  Benefits 
(millions  of  1986  S)^' 


$1  -  $3  $1  -  $4  <    $1 

PARTICULATE  MATTER 


Value  of  Non-Lethal 
Health  Impacts 
(millions  of  1986  Sf^ 


$2  -  $9 


$1  -  $4 


Scenario 
"E" 


19 


460 


47 


v^alue  of  Reduced 

Mortality  (millions 

$    123  - 

$    155  - 

$     41  - 

$     42- 

of  1986  $)^ 

$    389 

$    489 

$    130 

$    134 

<  $1 


Scenarios 
"A"  &  "D" 

Scenario 
"B" 

Scenario 
"C" 

Scenario 
"E" 

Reduced  Mortality 
(Deaths/year) 

11 

12 

5 

8 

Reduction  in  Emergency 
Room  Visits 

637 

681 

321 

492 

Reduction  in  Restricted 
Activity  Days 

133,500 

142,500 

67,000 

103,000 

Value  of  Reduced 
Mortality  (millions 
of  1986  $)29 

$     24- 
$     76 

$     26- 
$     83 

$     11  - 
$     35 

$  18 
$     56 

$1  -  $6 


^    The  range  reflects  the  low  and  central  values  of  the  economic  benefits. 
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Scenarios        Scenario         Scenario         Scenario 
"A"  &  "D"  "B"  "C  "E" 

Reduced  Materials 
Damage  (millions 
of  1986  $)29  $1  -  $18  $1  -  $19  $1  -  $9  $1  -  $14 


These  estimates  are  generally  20  to  25  percent  of  the  values  presented  in  the 
previous  report.^^ 

Some  unknown  fraction  of  the  emissions  of  each  source  are  deposited  outside  the 
25  km  radius  area  covered  by  the  dispersion  model.  Those  emissions  are  lost  to 
the  benefit  calculation,  so  the  benefits  are  understated.  Using  actual  stack 
characteristics  raises  the  fraction  of  the  emissions  deposited  outside  the  25  km 
radius  area  by  an  unknown  degree.  This  understates  the  benefits  further  and 
overstates  the  difference  between  the  results  reported  in  the  previous  study  and 
those  calculated  using  actual  stack  and  emissions  data. 

The  exposure-response  function  for  the  visibility  effects  of  particulate  matter  could 
not  be  applied  on  a  sample  basis.  Investigation  found  that  it  imputed  large 
benefits  to  areas  where  proportional  reductions  in  particulate  were  large,  but 
where  existing  concentrations  were  already  quite  small.  In  our  judgement  it  is  not 
apparent  that  visibility  improvements  could  be  noticed  in  all  of  these  areas.  We 
recommend  that  the  estimated  visibility  benefits  for  particulate  matter  be  dropped 
from  the  analysis. 

The  earlier  study  reported  areas  and  populations  estimated  to  be  exposed  to  above 
threshold  concentrations  of  particulate  matter  and  sulphur  dioxide.   The  use  of  a 


^'    The  estimates  presented  in  thf  Public  Benefits  repi)ri  are  reproduced  in  Sections  3,1  and 
4.1  of  this  report. 
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sample  of  sulphur  dioxide  or  particulate  matter  sources  does  not  allow  the  above 
threshold  calculations  to  be  repeated  in  a  meaningful  way. 

5.2      Interpretation  of  the  Results 

The  revised  results  should  still  be  interpreted  as  being  broad  approximations,  that 
provide  a  rough  indication  of  the  nature  and  magnitude  of  the  public  benefits 
attributable  to  implementation  of  the  proposed  revisions  to  Regulation  308. 

In  the  analysis  of  the  environmental  impacts: 

.  accurate  actual  data  are  preferred  to  estimates;    and 

.  larger  samples  are  preferred  to  smaller  samples. 

These  propositions  remain  true.  The  results  presented  above  do  not  reflect 
accurate  actual  data  for,  nor  complete  coverage  of,  all  sources  and  so  could  be 
refined  still  further.  However,  the  data  collection  and  analytical  effort  involved  is 
large. 

The  revised  results  presented  above  focused  on  the  dispersion  modelUng  aspects 
of  the  analysis.  If  further  refinements  are  considered  it  may  be  appropriate  to 
address  other  factors  that  could  affect  the  results,  for  example: 

.  source  specific  estimates  of  the  reduction  of  emissions  that  could  be 
achieved  under  each  implementation  scenario.  The  above  analysis  uses 
industry  averages  for  all  plants. 

.  finer  resolution  of  the  population  distribution  data  so  that  greater 
resolution  of  the  dispersion  modelling  could  be  meaningfully  applied. 
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.  more  and  better  exposure-response  functions  so  that  more  of  the  impacts 
can  be  quantified  with  a  degree  of  confidence. 

.   analysis  of  fluctuations  in  emissions  and  the  impacts   of  short  term 
exposures  rather  than  annual  averages. 

The  revised  results  remain  a  useful  first  approximation  of  the  public  benefits  of 
the  proposed  revisions  to  Regulation  308. 

5.3      Exposure-Response  Functions 

The  review  of  the  exposure-response  functions  for  sulphur  dioxide  and  particulate 
matter  led  to  two  unresolved  epidemiological  debates. 

First,  is  the  issue  of  thresholds.  Threshold  concentrations  are  the  only  feasible  way 
to  regulate  contaminants.  The  threshold  established  is  generally  a  conservative 
one.  A  no  observed  adverse  effect  limit  (NOAEL)  is  established  using 
toxicological  data  and  a  series  of  protection  or  safety  factors.  The  result  is  then 
multiplied  by  a  final  protection  factor  (usually  0.1)  to  protect  the  most-sensitive 
population  groups.  The  regulatory  thresholds  are,  therefore,  considered  by  many 
to  be  conservative  and  to  offer  a  high  degree  of  protection  for  human  health. 

Nevertheless,  epidemiologists  we  consulted  felt  that  reduced  exposures  yield  health 
benefits  even  if  the  concentrations  are  below  accepted  thresholds.  In  other  words, 
while  exposures  to  below  threshold  concentrations  may  be  deemed  to  be  "safe"  on 
the  basis  of  current  medical  knowledge,  lower  concentrations  may  still  yield  health 
benefits. 
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Second,  is  the  apparently  conflicting  evidence  of  micro-  and  macro-epidemiological 
studies.  The  former  are  medical  studies  of  relatively  small,  controlled  groups  of 
subjects  exposed  to  different  concentrations  of  contaminants.  The  latter  are 
statistical  analyses  of  air  pollution  and  human  health  data  for  large  populations. 
The  micro  studies  tend  to  show  no  direct  health  problems  associated  with  air 
pollution  levels  below  current  standards.  The  macro  studies  show  weak  but 
statistically  significant  relationships  between  current  air  pollution  levels  and  human 
health. 

It  is  worth  noting  that  the  coefficients  for  the  health  impacts  imply  that  only  one 
person  in  10,000  is  affected.  The  micro-epidemiological  studies  generally  deal  with 
smaller  groups.  This  might  help  to  explain  the  apparent  contradiction  in  the 
findings  of  the  different  types  of  studies. 

The  macro  studies,  by  the  nature  of  the  statistical  techniques  used,  can  not  identify 
cause  and  effect.  The  macro  studies  also  can  not  ensure  that  the  estimated  effects 
are  not  due  to  causes  that  have  been  overlooked  in  the  analysis.  For  example,  the 
observed  health  effects  could  be  due  to  the  combined  impact  of  sulphur  dioxide 
and  particulate  matter  rather  than  particulate  matter  alone.  The  study  from  which 
the  sulphur  dioxide  exposure-response  function  is  drawn  considered  that 
interaction,  but  may  have  done  so  inadequately  or  may  have  omitted  other 
important  factors. 

This  study  uses  exposure-response  functions  derived  from  macro-epidemiological 
studies.  And  it  assumes  that  health  and  other  benefits  occur  at  below  threshold 
concentrations.  Further,  the  exposure-response  functions  are  assumed  to  be  linear 
and  to  be  independent  for  each  contaminant.^^   If,  contrary  to  these  assumptions, 


•'^  Although  it  is  not  directly  relevant  for  sulphur  dioxide  or  particulates,  the  exposure- 
response  functions  for  carcinogens  are  generally  agreed  to  be  linear  with  a  zero  threshold. 
However,  the  unit  risk  factors  used  to  define  those  linear  relationships  are  developed  in 
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benefits  can  be  realized  only  above  some  threshold  level,  then  the  benefits  will  be 
somewhat  smaller  than  the  estimates  presented. 

This  study  estimates  benefits  from  changes  in  annual  average  exposures. 
Reductions  in  peak  exposures  may  be  more  critical  for  some  benefits.  Very  few 
exposure-response  functions  use  peak  concentrations  as  the  basis  for  estimating 
benefits.  And  to  compute  the  changes  in  peak  concentrations  using  the  dispersion 
model  involves  a  significant  increase  in  effort.  As  a  result  benefits  were  not 
related  to  shorter  term  exposures.  This  was,  however,  one  of  several  possible 
refinements  suggested  in  the  earlier  study. 


much  the  same  way  as  the  threshold  values,  and  sd  nuiy  Dvcrsiaic  the  htiicliis  ot  rcduaJ 
concentrations  of  carcinogens. 
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APPENDIX  A 

Dispersion  Modelling  of  Selected  Sources 
Of  SO2  Particulate 


A.1    INTRODUCTION 


This  study  performed  detailed  dispersion  modelling  on  a  statistically  representative 
selection  of  sources  of  SO2  and  particulate  matter.  The  purpose  of  the  work  was 
to  analyse  the  effect  of  using  actual  source  characteristics  rather  than  standard 
assumptions  of  a  virtual  source  on  the  benefits  estimated  in  an  earlier  study. 

The  Public  Benefits  study  concluded  that  the  most  significant  measurable  benefits 
of  implementing  proposed  changes  to  Regulation  308  would  be  expected  to  be 
attributed  to  reductions  in  emissions  of  SO2  and  particulate  matter. 

Since  nearly  all  significant  sources  of  SO2  and  many  major  sources  of  particulate 
matter  in  Ontario  emit  from  elevated  sources,  it  appeared  to  be  desirable  to  assess 
the  impact  of  the  assumption  used  in  the  PubUc  Benefits  study  that  all  sources  are 
virtual  sources.  This,  in  addition  to  other  considerations,  led  to  the  current  study. 


A.2    BACKGROUND 


In  the  previous  study,  a  typical  source  was  defined  and  modelled  for  each 
meteorological  area  (met-zone)  of  the  Province.  This  yielded  48  x  48  km 
dispersion  concentration  "footprints"  per  g/s  emitted.  Footprints  for  each  met- 
zone  were  spatially  mapped,  scaled,  and  superimposed  to  correspond  to 
coordinates  and  estimated  emission  rates  for  source  establishments  (plants). 
Project  scheduling,  scope,  and  data  availability  at  that  time  did  not  allow  for  actual 
source  parameters  to  be  used  in  the  modelling.  Since  about  95%  of  the  source 
plants  in  the  province  emit  under  virtual-source  conditions,  a  typical  virtual  source 
was  defined  to  be  a  building  ot  7  m  height,  100  m  width,  and  7  m  stack  elevation 
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above  the  building.  It  was  intended  that  the  enhanced  building  width  in  this 
definition  of  typical  would  offset  to  some  degree  the  variability  in  actual  building 
heights. 

Modelling  was  performed  on  a  2  km-resolution  receptor  grid  with  near-source 
resolution  increased  to  500  m  and  1,000  m.  Since  the  largest  discrepancies 
between  modelled  and  actual  concentrations  would  be  expected  to  occur  inside  a 
2-3  km  radius  of  an  elevated  source  (~5%  of  the  sources  in  Ontario),  some 
additional  approximations  were  suggested  to  offset  artificially  enhanced 
concentrations  near  the  source. 

In  the  benefits  analysis  of  the  study,  the  decision  was  made  to  reduce  modelled 
resolution  to  4  km  on  a  48  x  48  km  grid.  This  coincided  with  the  best  grid 
resolution  for  which  population  and  establishment  distribution  data  were  available 
and  also  resulted  in  reducing  the  discrepancies  between  modelled  and  actual 
concentrations  for  the  5%  of  sources  which  were  elevated. 


A.3    DATA  SOURCES  AND  CONSOLIDATION  OF  STACK  TYPES 


Actual  stack  characteristics  were  provided  by  the  MOE  and  developed  for  the  final 
selection  of  29  sources  of  SO2  and/or  particulate  matter.  The  selected  plants 
presented  a  combined  total  of  265  individual  stacks.  As  a  response  to  the  logistics 
of  modelling  265  sources  with  different  apportionments  of  emissions  for  SO2  and 
particulate,  a  data  reduction  process  was  developed  with  the  concurrence  of  the 
MOE  Model  Development  Unit.  The  object  here  was  to  reduce  the  number  of 
sources  to  a  manageable  number  while  maintaining  a  good  representation  of 
emission  types  and  apportionments  (i.e.,  among  high  elevated,  moderately  elevated, 
low  elevated,  and  virtual  sources  at  a  plant). 
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Since  no  MOE  data  were  available  on  building  dimensions,  a  reasonable 
assumption  of  these  dimensions  was  required.  A  typical  virtual  source  was  defined 
as  one  of  14  m  height,  50  m  width,  and  stack  elevation  less  than  28  m.  Thus 
effectively,  stacks  of  less  than  about  30  m  elevation  would  be  considered  virtual 
sources.  Note  that  the  building  height  chosen  was  exactly  double,  and  the  width 
one-half  of  that  chosen  in  the  previous  study.  This  simplified  comparison  with  the 
previous  effort,  and  provide  additional  information  on  the  sensitivity  of  the 
dispersion  field  to  building  dimensions. 

Using  the  new  definition  of  a  typical  building  reduced  the  number  of  required 
model  runs  to  160.  Remaining  stacks  were  grouped  (per  plant)  according  to 
characteristics  (e.g.,  height,  temperature,  contribution  to  total  plant  emissions,  etc.) 
and  emissions  pooled  accordingly.  In  addition,  emissions  from  "stray  stacks",  those 
contributing  less  that  7%  of  total  plant  emissions,  were  distributed  among  the 
remaining  most-similar  stacks  or  virtual  sources.  Using  a  common  definition  of 
building  source  also  allowed  some  model  runs  from  common  met-zones  (e.g., 
Toronto)  to  be  combined. 

The  resultant  selection  of  49  sources  to  be  modelled  (for  29  plants)  yielded 
40  model  runs.  The  relevant  data  for  these  29  plants  (49  sources)  is  presented  in 
Exhibit  A.I. 


A.4    MODEL  RUNS 


The  meteorology  developed  previously  was  used  in  the  present  study.  Receptor 
grid  resolution  was  set  at  4  km  on  a  24  x  24  km  grid  to  correspond  with  tlie 
resolution  used  previously  and  to  facilitate  the  subsequent  benefits  analysis. 
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As  previously,  annual  average  (.AVG  file)  concentrations  were  generated  from 
each  individual  source.  In  the  present  case,  a  dispersion  field  (footprint)  was 
generated  for  each  source  at  each  plant  (i.e.,  49  in  total). 

Each  source  at  each  plant  was  assigned  an  emission  rate  of  1  g/s.  Apportionment 
of  emissions  from  the  stacks  at  each  plant  were  normalized  separately  for  SO2  and 
particulate  matter  emissions.  This  allowed  the  1  g/s  footprints  to  be  subsequently 
scaled  down,  and  superimposed  to  yield  a  separate  summary  footprint  equivalent 
to  a  total  1  g/s  plant  emission  rate  for  SO2  and  particulate. 

The  appropriate  summary  footprint  was  then  be  scaled  up  or  down  according  to 
the  particular  estimate  of  total  plant  emissions. 


A.5    QUALITY  CONTROL 


As  previously,  DOS  batch  programs  were  developed  to  maintain  control  over  file 
organization,  manipulation,  and  execution.  Initial  checks  on  output  confirmed  that 
80386/387  computers  provided  by  The  DPA  Group  and  MOE  were  producing 
identical  results  for  the  same  source  run.^  Exhibit  A.2  presents  this  under  the 
columns  "AST80386"  and  "H-R80386",  respectively. 

As  a  final  check  on  input  data  quality  prior  to  model  run  execution,  all  source  files 
(.SRC)  were  concatenated  to  a  QC-file  for  manual  proofing  of  all  data  values. 
Documentation  is  provided  in  Exhibit  A.3.   As  runs  were  executed,  successful 


^     Two  computers  were  used  to  reduce  the  elapsed  time  needed  for  the  dispersion  modelling. 
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EXHIBIT  A3: 


CHECK  --  IMPORT  OF  ELEVATED  .SRC  FILES 


PLAMT 

STACK 

STACK 

STACK 

EXIT 

BLDG. 

BLDG. 

I.D. 

PLANT  NAME 

X 

Y 

HEIGHT 

RADIUS 

TEMP 

VELOC.  9/ 

5  HEIGHT 

UIDTH 

(m) 

(m) 

(m) 

(m) 

(oK) 

(m/s) 

(m) 

(m) 

600020 

ABITIBI  PRICE  FWD 

0 

0 

34.25 

1.29 

307 

6.48 

50 

200056 

BEAVER  WOOO  FIBRE 

0 

0 

30.00 

0.45 

366 

15.69 

50 

400004 

CANADA  CEMENT  LAFARGE 

0 

0 

46.00 

0.75 

358 

30.70 

50 

400004 

CANADA  CEMENT  LAFARGE 

0 

0 

76.00 

1.55 

479 

8.60 

50 

100031 

C-I-L 

0 

0 

32.00 

1.50 

472 

21.70 

50 

300230 

CANADA  METAL  CO.  LTD. 

0 

0 

46.00 

0.90 

352 

31.36 

50 

202502 

DOFASCO  INC 

0 

0 

44.00 

3.05 

477 

5.09 

50 

202502 

DOFASCO  INC. 

0 

0 

69.00 

1.45 

450 

11.75 

50 

603005 

DOHTAR  PACKAGING  LIMITED 

0 

0 

30.00 

0.45 

366 

3.00 

50 

503006 

EDDY  FOREST  PRODUCTS 

0 

0 

77.00 

1.83 

477 

13.91 

50 

503006 

EDDY  FOREST  PRODUCTS 

0 

0 

31.00 

0.92 

341 

5.60 

50 

100015 

FEDERAL  WHITE  CEMENT  LTD. 

0 

0 

32.60 

0.92 

573 

0.30 

50 

603007 

GREAT  LAKES  FOREST 

0 

0 

61.26 

1.98 

422 

3.10 

50 

603007 

GREAT  LAKES  FOREST 

0 

0 

50.00 

1.22 

373 

7.23 

50 

101303 

IMPERIAL  OIL 

0 

0 

91.00 

1.60 

617 

11.20 

50 

500004 

KIDD  CREEK  MINES  LTD. 

0 

0 

43.00 

0.61 

355 

27.70 

50 

500004 

KIDD  CREEK  MINES  LTD. 

0 

0 

74.00 

0.86 

360 

16.00 

50 

400029 

LAKE  ONTARIO  CEMENT 

0 

0 

37.00 

1.20 

450 

26.20 

50 

400005 

LENNOX  GENERATING  STATION 

0 

0 

199.00 

3.76 

414 

35.14 

50 

305801 

LAKEVIEU  GENERATING  STATION 

0 

0 

150.30 

2.97 

411 

28.80 

50 

503001 

MAiLLETTE  KRAFT  PULPiPAPER 

0 

0 

38.40 

0.46 

332 

14.69 

50 

205805 

NANTICOKE  GENERATING  STATIC 

0 

0 

198.10 

2.75 

394 

30.50 

50 

400063 

NITROCHEM  (BROCKVILLE  CHEMI 

0 

0 

41.00 

1.20 

327 

8.36 

50 

200055 

ONTARIO  PAPER  CO.  LTD. 

0 

0 

41.70 

0.54 

358 

25.70 

50 

301302 

PETROCANADA  CLARKSON 

0 

0 

70.00 

1.05 

386 

19.70   1 

50 

301302 

PETROCANADA  CLARKSON 

0 

0 

51.00 

1.05 

491 

34.80   1 

50 

101702 

PETROSAR  LTD. 

0 

0 

61.00 

1.40 

441 

6.40   1 

50 

101709 

POLYSAR  LTD. 

0 

0 

91.50 

2.82 

443 

20.00 

50 

100342 

ST.  MARY  CEMENT 

0 

0 

88.39 

0.38 

400 

5.10 

50 

100342 

ST.  HART  CEMENT 

0 

0 

55.78 

0.84 

450 

18.10 

50 

101306 

SUNCOR 

0 

0 

77.72 

1.68 

610 

4.93 

50 

101306 

SUNCOR 

0 

0 

38.10 

0.73 

542 

3.78   1 

50 

201308 

TEXACO  CANADA  (NANTICOKE) 

0 

0 

112.00 

3.05 

•  506 

8.60   1 

50 

201308 

TEXACO  CANADA  (NANTICOKE) 

0 

0 

56.00 

1.05 

584 

4.50    1 

50 

1 
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termination  was  verified  in  each  case  and  the  number  of  valid/invalid  met-cases 
compared  with  those  recorded  in  the  previous  study  for  each  met-zone. 


A.6    DISCUSSION  OF  RESULTS 


Comparison  was  made  between  previous  study  output  and  present  study  output 
for  a  virtual  source  in  Toronto.  Point  by  point  comparison  is  presented  in 
Exhibit  A.2.  "TOR-PREV"  refers  to  the  previous  study,  while  "AST80386"  and 
"H-R80386"  refer  to  the  present  study.  This  showed  that  the  doubling  of  building 
height  and  halving  of  building  width  resulted  in  output  concentration  data  on  the 
4  km  resolution  grid  that  was  within  about  +:  4%  of  previous  results.  This  agreed 
with  expectations  for  these  sources  confirming  that  the  previous  building  source 
assumptions  would  yield  representative  dispersion  footprints  for  most  virtual 
sources  in  Ontario. 

Output  of  several  multi-source  plants  was  tabulated  via  Lotus  123  and  individual 
receptor  concentrations  inspected  and  compared.  Anticipated  trends  in  comparing 
high-elevated,  moderately  elevated,  and  virtual  source-generated  receptor 
concentrations  were  confirmed. 

An  example  is  provided  in  Exhibit  A.4.  While  it  is  generally  the  case  that  annual 
average  ambient  concentrations  resulting  from  virtual  source  assumptions  exceed 
those  resulting  from  elevated  source  assumptions  (on  the  24  x  24  km,  4  km 
resolution  grid),  it  can  be  observed  that  for  10  -  15%  of  the  receptors,  the  reverse 
is  true. 

Comparing  elevated  and  virtual  source  effects  on  annual  average  ambient 
concentrations  in  this  example: 

A  -  9  The  DP  A  Group  Inc. 


g 

2 
o 

o 

H 

u 
u 

OS 


o 
u 
o 

V5 

< 

H 
OS 

Q 
Z 

<: 

if  "^ 
^  :^ 

M    1-4 

o  < 

1° 

8fe 


=  i 

i 

e 


I" 


S   2   S   5 
S   R   S   S 


a  s  3  ff  s  7 

S  S   S  E   S  S 


iilssslggiiggi"'^" 


'iiliiiiislssiii'" 


c  t  s  s  c 
c  s  e  s  5 
s  s  s  s  s 


ssissgsssgiiigig 


RS3S:S«8E 

gggggggg 


gggggggggggS 


gg§iliigg8i§ig§gEsl§ggggggg§i5i§g§S§ggg§iE 


l|i§§i||||||||||i 


iii§§ii§i§§§§° 


gSi°iS|ig 


I 


8S5oKSSSS3S3338K3t5SXa3;Sa2  =  aS8C;Stt5S5SSSS~ 
RSi5:;Sg5S'5!t;Rgg£'KS5S5:;3SSKSK'^SSi5KKS3SK:sS°2  3 

Sa$l3Se:53S83SSSSa»*Sft»S8S53S5S8tSSlftS5tICSafca 
"-R3S  =   3a5S5  3  3SS*S5;R5t;SSisS'st::sld335;;X55!5SeTR 

^  ^  M ! !  !• !  !J ! !  1 ! ! J ! !  I !  1 !  I !  !■ ! ! !  y !  1 !  i  !•  1 1 ! ! !  I ! 

I  I  i  §  §  8  i  8  §  i  8  8  8  §  g  g  g  g  g  g  g  g  i  g  S  g  g  g  gggggggg  g  8  g  i  g  8 

=sS53S555fcRiS~5Rig5||5||5||K5|5S§3||ilsili 
ggigigigiSggigggggggSgggggissggggiiigggggg 

odoodooooooododdodooo'doooodddbdooooooooooo 

III  ill  I ilillliiiiiiiiiiiiiiiiiiiiiiiiiiiil 


A-  10 


The  DPA  Group  Inc. 


o 

2 
o 

o 

H 
Cu 
U 
U 
U 


o 

U 

o 
< 


-2  ^ 

O  < 

Q 
< 


Z 

o 

2  0 
<  o 


I 

y 


:;2CKS8CSfea2ae6K55a5tssss 


8  S  S  8  8  g  8 


88S8Sg88iSS8888 


issiigsilssisiiissl 


Ki  ?.  f.  K  s  -  r.  ~  s  n  r  s  s  r  E  r.  ?  p 


888888i888i8888i8888888888888S88888 


S  g  § 

<3  2  S 


if- 

o  o  o 

sH  • 

-  2  s 

i 



5«? 
s  - 

es8 

5»§ 

351 

sss 

*.'  ^  o 

Ssi 

SS8 

-s 

o  o  o 

-I 

o  o  o 

1 
1 

99 

\\\ 

III 

1= 

aaa 
asa 

I!  ? 


I 


8Ssa  =  =  «aasssr  =  s5SSS8ftss  =  KKKs53C3£R3*accas3=se5t;psa 

SKCi3ftS2SKKeg5RSKK5l3C»5StSS3t:SaS::'-3SSSC5SSS  =  SSS53 


SSSSaSS^KS 


55ESSR5S3KR3'5f;Rie8!iaSKS2'?  =  SS5SiJ55~-'IC*Sa 


s  i  i  i  1 1 1  i  I  i  1 1  H  i  1 1 1 1  i  1 1  §  I  s  I  i  i  1 1  i  i  I  i  i  g  i  B 1 1 1  s  I  g  g  s  i  s  I 


§  g  i  i  8  g  8  8  g   g  g  I   §  g  g  g  8  I  8  8   8  i  M  M  S  8   8   S   8   8  8 


i  I  i  1 1  i  I  i  §  1 1 1 !  i  i  g  g  1 1  g  i  I  i  I  s  I  i  g  i  8  8  §  I  g  g  §  g  lis  g  8  8  §  §  i 


l||ii|i§§H§§ili§§§S§ll§|§||||||||l|Hiili! 


illl|||ii|ii-|SliI|l|iiii"!8li|lllini-n|l||III! 


A-  11 


The  DP  A  Group  Inc 


For  half  to  two  thirds  of  the  receptors,  elevated  source  results  are  within 
a  factor  of  2  of  the  virtual  source  results. 

The  largest  absolute  differences  and  larger  %  differences  occur  at  the 
receptor  locations  nearest  the  source. 

The  smallest  absolute  differences  and  largest  %  differences  tend  to  occur 
near  the  grid  perimeter. 

98%  of  the  receptor  grid  concentrations  resulting  from  virtual  source 
assumptions  fall  within  the  same  order  of  magnitude  as  those  resulting 
from  elevated  source  assumptions. 

The  taller  stack  always  yields  marginally  higher  resultant  concentrations 
than  the  shorter  (intermediate)  stack.  This  would  not  generally  be  the 
case  but  can  in  this  instance  be  attributed  to  the  higher  buoyancy  and 
plume  rise  of  the  shorter  stack. 


A.7    SUMMARY 


In  a  previous  study  to  estimate  the  pubUc  benefits  of  proposed  changes  to 
Regulation  308,  extensive  development  of  representative  meteorology  for  the  entire 
Province  of  Ontario  was  carried  out.  Dispersion  modelling  was  performed  yielding 
annual  average  ambient  concentration  grids.  Additional  data  were  mapped  in  and 
key  benefits  were  determined  to  be  attributable  to  reductions  in  SO2  and 
particulate  emissions. 
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The  present  study  took  a  closer  look  at  SO;  and  particulate  emissions.  A 
statistically  representative  sampling  of  emitters  of  these  pollutants  was  made  and 
detailed  source  characteristics  obtained.  Data  reduction  was  carried  out  and 
model  runs  were  executed. 

Results  were  compared  with  the  previous  study.  Additional  data  were  mapped  in 
and  comparable  benefits  determined. 
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APPENDIX  B 


Exposure-Response  Functions 


B.l    INTRODUCTION 


An  exposure-response  function  predicts  how  health  and  other  factors,  such  as 
visibility  and  materials  damage,  change  as  the  concentration  of  a  contaminant 
changes.  Exposure-response  functions  are  available  for  health  effects,  materials 
damage  and  visibility  due  to  sulphur  dioxide  and  suspended  particulate  matter 
emissions. 


B.2    SULPHUR  DIOXIDE  FUNCTIONS 


B.2.1    Mortality 

An  exposure-response  function  is  available  for  deaths  attributable  to  sulphur 
dioxide.  The  function  calculates  absolute  change  in  the  number  of  annual  deaths. 

Deaths^    =  1.670  x  lO'  x  POP  x  (SO2A-SO2B) 

Where: 

SO2A       =      The  SO2  concentration  for  a  grid  cell  under  existing  regulations. 
SO2B        =      The     SO2     concentration     for     a     grid     cell     under     a     specific 

implementation  scenario. 
POP        =      The  population  of  a  grid  cell. 


Noic  the  coefficient  has  been  changed  from  that  used  in  the  prcNious  study  to  correct  an 
arithmetic  error  in  the  derivation  of  the  function  caused  by  the  selection  of  an  incorrect 
coefficient  from  a  table  of  regression  results. 
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The  function  presented  above  is  the  central  case  estimate  for  reduction  in  annual 
mortahty  due  to  reduced  concentrations  of  sulphur  dioxide.  The  low  case  is 
calculated  by  applying  the  lower  bound  estimate  of  the  value  of  a  statistical  life 
to  the  calculated  reduction  in  mortality. 

B.2.2    Hospital  Days  for  Respiraton'  Conditions 

The  function  of  hospital  days  for  respiratory  conditions  (HDRC)  is: 

HDRC  =        4.0  X  10^  X  (SO2A  -  SO2B)  X  POP 

The  variables  SO2A,  SO2B  and  POP  have  the  same  meaning  as  in  the  mortality 
equation. 

The  lower  bound  estimate  is  obtained  by  replacing  4.0  x  lO"*  in  the  central  case 
equation  presented  above  with  1.5  x  lO"*.  In  other  words  the  lower  bound  is 
0.375  times  the  central  case. 

B.23    Hospital  Admissions  for  Respiratory  Disease 

The  function  for  hospital  admissions  for  respiratory  disease  (HARD)  is: 

HARD  =      4.065  x  10-5  ^  (SO2A  -  SOzb)  x  POP 

The  variables  SO2A,  SO2B  and  POP  have  the  same  meaning  as  in  the  mortality 
equation. 

The  lower  bound  estimate  is  calculated  by  replacing  4.065  x  10-^  in  the  central  case 
equation  presented  above  with  0.63  x  lO^.  Alternately,  the  lower  bound  is 
0.155  times  the  central  case. 
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B.3  PARTICULATE  MATTER  FUNCTIONS 


Six  exposure  response  functions  exist  for  PM.    They  relate  to: 

.  death; 

.  emergency  room  visits; 

.  restricted  activity  days; 

.  chronic  obstructive  pulmonary  disease; 

.  visibility;    and 

.  materials  damage. 

In   each    of  the   functions   presented   below   the    symbols   have   the   following 
definitions. 

PMa        =      The  original  PM  concentration  for  a  grid  cell. 

PMb        =      The  PM  concentration  for  a  grid  cell  under  the  scenario  considered. 

E  =      The  mean  1986  rate  of  exchange  (1.3894)  to  convert  1986  U.S.  to 

1986  Canadian  dollars. 
HF  =      A  factor  (2.8)  to  convert  the  population  of  a  grid  cell  to  the  number 

of  households. 
POP        =      The  population  of  a  grid  cell. 

B3.1     Death 

Deaths  =    2.21  x  10"*  x  POP  x  (PMa  -  PMg) 
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This  equation  gives  the  change  in  annual  deaths  due  to  a  change  in  particulate 
matter  concentration.  The  lower  bound  and  central  value  are  calculated  by 
applying  the  corresponding  values  of  a  statistical  life  to  the  reduction  in  annual 
mortahty  estimated  using  the  above  equation. 

B3.2    Emergency  Room  Visits 

ERV  =  1.3  X  10^  X  POP  X  (PMa  -  PMb) 

The  change  in  the  number  of  emergency  room  visits  per  year,  ERV,  is  related  to 
the  change  in  particulate  matter  concentration.  The  lower  bound  estimate  of 
emergency  room  visits  is  calculated  by  replacing  the  central  case  coefficient  of 
1.3  X  10-^  by  1.2  X  10  ^ 

B33    Restricted  Activity  Days 


RAD    =    2.736  x  10-2  ^  poP  x  (PMa  -  PMb)  -  Emergency  Room 

Visits 


The  change  in  the  number  of  restricted  activity  days,  RAD,  is  reduced  by  the 
change  in  the  number  of  emergency  room  visits  (ERV)  to  avoid  double  counting. 
The  lower  bound  estimate  of  restricted  activity  days  is  calculated  by  replacing  the 
central  case  coefficient  of  2.736  x  10"^  by  1.938  x  10"^.  In  other  words,  the  lower 
bound  is  equal  to  0.70833  times  the  central  case. 

B3.4    Visibility  Effects 

Total  Value 

Per  Year        =  E  x  206  x  In  (PMa/PMb)  x  POP/HF 

The  lower  bound  estimate  is  calculated  as  0.5  times  the  central  case. 
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This  function  returns  an  annual  dollar  value  for  improved  visibility. 

BJ.5    Materials  Damage 

Total  Value 

Per  Year         =  E  x  7.4  x  (PMa  -  PMb)  x  POP/HF 

This  function  also  returns  an  annual  dollar  value  of  reduced  materials  damage. 

To  get  the  lower  bound  estimate,  the  central  case  coefficient  of  7.4  is  replaced  by 
0.52.    In  other  words,  the  lower  bound  is  0.07027  times  the  central  case. 
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APPENDIX  C 


Regulation  308  Implementation  Scenarios 


REGULATION  308  IMPLEMENTATION  SCENARIOS 


Five  implementation  scenarios  for  the  proposed  revisions  to  Regulation  308  are 
defined  in  terms  of  level  of  control  technology  and  implementation  date.  The 
proposed  revisions  to  Regulation  308  identify  three  levels  of  control  technology 
that  can  be  applied  to  different  categories  of  contaminants.    They  are: 

.  LAER,  or  Lowest  Achievable  Emission  Rate  (the  most  stringent  form  of 

control); 
.   BACT,  or  Best  Available  Control  Technology;    and 
.  NSPS,  or  New  Source  Performance  Standards  (the  least  stringent  control). 

The  Discussion  Paper  does  not  define  these  levels  of  control  explicitly,  but  suggests 
that  the  corresponding  control  technology  in  the  United  States  provides  a  useful 
reference  point.  Senes  defined  the  specific  control  technologies  and  corresponding 
emissions  that  form  the  basis  for  this  analysis.  The  interested  reader  is  referred 
to  their  report  for  further  details. 

The  implementation  scenarios  specify  the  level  of  control  to  be  applied  to  each 
category  of  contaminants.  Exhibit  C.l  shows  the  proposed  level  of  control  for 
each  contaminant  type  by  scenario.  There  are  more  LAER  controls  in  Scenario  B 
where  stringent  emission  controls  are  considered,  and  more  NSPS  controls  under 
the  less  stringent  control  scenario  (Scenario  C). 

Scenario  D  is  defined  using  two  levels  of  control  rather  than  three  levels  as 
assumed  in  Scenario  A.  In  practice  Scenarios  A  and  D  are  the  same.  The 
contaminants  governed  by  less  stringent  controls  in  Scenario  A  are  usually  found 
in  emission  streams  to  which  more  stringent  controls  must  be  applied,  so  they  are 
also  controlled  at  this  more  stringent  level.   Scenario  E  is  the  same  as  Scenario  A 
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EXHIBIT  C.l:           PROPOSED  SCENARIOS 

SCENARIO 

A 
Initial 

B 

More 

Stringent 

C 

Less 
Stringent 

D 
2  Tier 

CONTAMINANT  GROUP 

Volatile  Organic  Compounds 
Chlorinated 
Aliphatics 
Aromatics 

Esters/Alcohols/Esthers/ 
Aldehydes/Ketones 
Mercaptans 

LAER 

NSPS 

BACT 

BACT 
NSPS 

LAER 
BACT 
LAER 

LAER 
BACT 

BACT 

NSPS 
NSPS 

NSPS 
NSPS 

LAER 
BACT 
BACT 

BACT 
BACT 

Particulates  Associated 
Organics 
Metals 

LAER 
LAER 

LAER 
LAER 

BACT 
BACT 

LAER 
LAER 

Other  Particulates 

BACT 

LAER 

NSPS 

BACT 

Semi-Volatile  Organics 

BACT 

LAER 

NSPS 

BACT 

Pesticides 

BACT 

LAER 

NSPS 

BACT 

Corrosives 
Acids 
Bases 
Other 

BACT 
BACT 
BACT 

LAER 
LAER 

LAER 

NSPS 
NSPS 
NSPS 

BACT 
BACT 
BACT 

Other 

BACT 

LAER 

NSPS 

BACT 

IMPLEMENTATION 

SCENARIO 

' 

M.QD 

E* 

New  Facilities 

1989 

1989 

Existing  Facilities 

Contaminant  Group: 

LAER 

BACT 

NSPS 

1994 
1994 

1999 

2004 
2009 
2014 

Same  as  Scenario  A 

except  for 
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except  for  the  implementation  schedule.  The  estimated  emissions  provided  by 
Senes  for  Scenario  E  correspond  to  the  first  phase  of  the  implementation  schedule 
for  Scenario  A. 

These  control  scenarios  were  developed  in  consultation  with  the  Ministry  of  the 
Environment.  Information  on  the  different  levels  of  control  technology  is  available 
in  the  MOE  Discussion  Paper.  The  Senes  report  specifies  the  control  technology 
assumed  for  each  contaminant  group  and  industry  sector.  It  also  estimates  the 
resulting  emissions  by  contaminant  for  each  scenario. 
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